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stream.
The hyporheic zone has been gaining ecological recognition as an important site of 
nutrient cycling and habitat, but very little is known about metal behavior within the zone. 
This understanding is important for assessing the environmental imacts of mining and for 
designing remediation strategies for riparian systems. Metal behavior in the hyporheic zone 
was studied at Silver Bow Creek, MT, where anoxic and acidic (pH=3-5) groundwater 
with high dissolved metal concentrations travels through a floodplain heavily contaminated 
with mining wastes and comes into contact with neutral (pH=7-8), oxic, and relatively low 
metal concentration surface water. A shallow hyporheic zone underlies the streambed 
where physical mixing and chemical transformation of these waters was found to occur.
Sampling the dissolved (<0.45 pim) metal and As concentrations in surface water, 
hyporheic zone water (<30 cm below and lateral to the streambed), and adjacent 
groundwater was conducted along a 1 Km stretch of the creek at three sites with variable 
surface water to groundwater flow direction relationships. Results of water analyses 
indicated that water in the shallow subsurface had a mean pH of 6 , and mean 
concentrations of most metals were generally inbetween mean surface and groundwater 
concentrations. The highest levels of dissolved As at the site were found in the shallow 
hyporheic zone, indicating that the hyporheic zone is a distinct geochemical environment. 
Conservative elements (Ca and Mg) allowed for the calculation of physical mixing ratios, 
which indicated that 50% of the hyporheic zone samples contained >20% groundwater. All 
other metals were found to be acting non-conservatively in the hyporheic zone.
The solid phase was examined by setting into the streambed a series of slotted plastic 
columns filled with 2 mm aluminosilicate beads which collected metal precipitates over the 
course of 52 days. Upon removal, dense bands of iron oxide precipitates were found on 
many of the bead columns at the surface water- substrate boundary. These precipitation 
zones, commonly only 1-5 cm thick, are interpreted to be products of metals in the 
groundwater coming out of solution upon mixing with higher pH and more oxic surface 
water. The thickness of the mixing zone appeared to be controlled by the the relationship 
of general groundwater and surface water flow directions, as well as by small scale 
variability in the permeability of streambed and floodplain sediments. The implication of 
these processes is that metals transported in solution by the groundwater precipitate onto 
the hyporheic zone and streambed sediments, thereby contaminating the hyporheic zone 
and contributing to the surface water metal load.
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Introduction
The hyporheic zone has been defined broadly in the literature as the saturated 
subsurface area connected to a stream channel which shares with it some biological, 
chemical, or physical characteristics [Williams and Hynes, 1974; Triska et al., 1989; Valett 
et al., 1990; Hendricks and White, 7997; Valettetal., 1993J (Figure 1). A more detailed 
and universal definition does not exist, because researchers have not used interdisciplinary 
criteria when proposing definitions of the hyporheic zone (see White, 1993].
Nonetheless, this loosely-defined zone has rapidly been gaining recognition as both a key 
ecological zone crucial to the health of stream biota, as well as a major site of exchange, 
metabolism, and storage of particulates and solutes [Grimm and Fisher, 1984; Bencala, 
1984; Stanford and Ward, 1988; Triska et al., 1989; Valett, 1993]. Much progress has 
been made in the last couple of decades on characterizing many of the biological processes 
in this zone, yet relatively little has been made in the understanding of the physical and 
chemical dynamics of hyporheic zones where surface waters and adjacent groundwaters 
mix [Bencala, 1993.] In particular, there is a marked lack of understanding about 
contaminant storage and exchange through hyporheic zones.
Most studies on the physical and chemical dynamics of the hyporheic zone have 
concentrated on its connectivity with surface water, and they have generally concluded that 
the two interact extensively and that hyporheic zones play a major role in storage of stream 
solutes | Bencala etal., 1984; Munn and Meyer, 1988; Triska et al., 1989; Valett et al., 
1990; Castro andHornherger, 19911. The exchange of nitrogen, oxygen, and organic 
material between surface water and hyporheic zones has been documented, and many 
authors contend that hyporheic zones are important sites for nutrient cycling [Grimm and 







Figure 1: Schematic illustration of the location of the hyporheic zone
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Holmes et al., 1994; Findlay and Sobczak, 1996; Pusch, 1996J. In addition, studies of 
biologic communities in the hyporheic zones have shown they are important habitats for 
many macroinvertebrates {Williams and Hynes, 1974; Coleman and Hynes, 1980; 
Stanford and Ward, 1988; Williams, 1989] and are sought by fish for spawning [Wickett, 
1954; Hansen, 1975; Johnson, 1980]. A widely-accepted notion that has emerged from 
this research is that hyporheic animals, organic matter, and solutes are capable of extensive 
lateral and vertical movement and transport constrained by specific physical and chemical 
characteristics of each hyporheic environment.
Less is known about the interaction between groundwater and hyporheic zones. 
Some studies have documented the release of nitrogen and organic matter from 
groundwater into hyporheic and surface waters [Coats et al., 1976; Wallis et al., 1981; 
Rutherford and Hynes, 1987; Valett et al., \990;Triska et al., 1993;Wondzell and 
Swanson, 1996]. Other studies have illustrated the volumetric importance of groundwater 
contributions to streamflow generation during storms ]Freeze, 1972; Sklash and 
Farvolden, 1979; Gillham, 1984; Blowes and Gillham, 1988; Novakowski and Gillham, 
1988; Squillace, 1996). They found that groundwater contributes a much larger 
component of storm runoff than commonly acknowledged, suggesting that groundwater, 
surface water, and hyporheic zone interactions are dynamic and transient.
Many rivers and adjacent aquifers are contaminated with heavy metals from mining 
wastes, and the transport of these contaminants through hyporheic zones needs to be 
explored and understood. This understanding is crucial for accurately defining routes of 
contaminant transport targeted in riparian remediation designs. To date, there has been no 
published research on the geochemistry of metals and arsenic in groundwater entering the 
hyporheic zone and surface water from groundwater. Instead, most studies on metal 
contamination have concentrated on transport of metals either through groundwater, 
surface water, or stream sediments, and not on interrelating these components in the
4
hyporheic zone. Benner et al. [1995] discussed the behavior of metals in the hyporheic 
zone at one transect across Silver Bow Creek, MT, the site of this study (Figure 2). Yet 
their study focussed only on surface water infiltration into the hyporheic zone and was 
spatially and temporally limited.
The goal of this research was to determine how metals-contaminated groundwater 
affects the geochemistry of the hyporheic zone and surface water in an intermontane 
stream. In this paper, the hyporheic zone is defined as the shallow area surrounding the 
streambed (typically <30 cm below the streambed surface) where the surface water and 
groundwater physically interact to form a chemically defined transition zone. The 
examination of both the physical controls on mixing together with the resultant chemical 
reactions was conducted using geochemical analyses of dissolved and solid phases along a 
representative reach of the stream during variably sized flow events. This research 
proposes that a dynamic and spatially complex hyporheic zone exists where dissolved 
metals from adjacent groundwater are transferred into the solid phase, continually 
contributing to the streambed's metal load and contaminating the hyporheic zone upon 













Figured: Location map of study area. Map of study area shows the three research sites, 
with the locations of transects A,B, and C at each site. Potentiometric lines on study area 
map are from Shay [ 1997].
Site description:
Silver Bow Creek, at the headwaters of the Clark Fork River in western Montana, 
was chosen to study metal transport through the hyporheic zone due to the large chemical 
differences between the acidic, anoxic, and metal-rich groundwater and the relatively dilute, 
oxic, and neutral-pH surface water [Benner et a l ,  1995]. The abrupt boundaries 
between these waters in many portions of this system provide optimal conditions for 
detecting the small-scale processes occuring on either side of the surface water- 
groundwater interface. Also, the stream exhibits strong morphological variations, 
producing a variety of physical relationships between surface water and groundwater flow 
directions, which are thought to influence the extent of mixing. In addition, the large 
extent of metal contamination in Silver Bow Creek and its floodplain makes it a useful site 
for comparison to other systems heavily impacted by mining wastes.
The source of contamination at Silver Bow.Creek is over a century of large scale 
mining in Butte, MT, located 18 km upstream from the study site. The mining resulted in 
the release of over 100 million metric tons of mining wastes into the creek [Andrews,
1987], much of which was carried downstream by major floods at the turn of the century 
and became deposited in wide stretches of the floodplain [CH2M Hill Inc., 1989; Nimick 
and Moore, 1991]. Along the study site portion of the creek, an up to 2 m thick and 
several hundred meter wide sequence of metal-rich mine tailings intermixed with sediments 
make up the top portion of the river’s floodplain [Benner et al., 1995; Lucy, 1996; Shay, 
1997]. These tailings have highly elevated levels of arsenic, cadmium, copper, iron, lead, 
manganese, and zinc, which have been mobilized through time and have contaminated the 
underlying pre-mining floodplain sediments as well [Shay, 1997].
The groundwater is acidic and contaminated with dissolved metals due to oxidation 
of metal-sulfide minerals in the floodplain aquifer and vadose zone 1 Nordstom, 1982; 
Moore and Luoma, 1990; Lucy, 1996]. Benner et al. [1995] found the groundwater to
6
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have on average a pH of 4.2-4.9, an alkalinity of 0 meq/1, dissolved oxygen levels less 
than 1 mg/1, sulfate levels of 1500 mg/1, and metal concentrations of about 30 mg/1 Al, 140 
mg/1 Ca, 20 mg/1, 0.55 mg/1 Cd, Cu, 370 mg/1 Fe, 35 mg/1 Mg, and 54 mg/1 Zn. Shay 
[1997] described in more detail the geochemistry of the aquifer and the relationship of 
groundwater contamination to the stratigraphy of the floodplain sediments. He found the 
groundwater chemistry to be extremely spatially heterogeneous, both laterally and with 
depth, and that zones of highly contaminated groundwater generally correlated with areas 
within the floodplain where contaminated sediments are continually or seasonally saturated 
by the groundwater or capillary fringe.
The water table has been found to lie between 0 to 1.5 m below land surface, 
depending on location and temporal variability, and is hydrologically connected with the 
creek [Shay, 1997]. Water level measurements taken across the site indicate that general 
groundwater movement is from east to west [Smart, 1995; Shay, 1997]. Although the 
surface water is significantly less contaminated than the groundwater, it is devoid of aquatic 
life with the exception of certain microorganisms [Wielinga etal., 1994], algae, and an 
extremely depauperate aquatic insect population. During major precipitation events, it 
becomes particularly contaminated due to input from the floodplain [Lucy, 1996].
Methods
Three sites along the 1 km study area were selected following preliminary 
measurements of temperature, pH, and specific conductance used to approximate locations 
of groundwater inflow versus surface water infiltration [Sillman et a i, 1995; White et al., 
1987; Jones et al., 1994] (Figure 2). Two of the sites were located where groundwater 
flowed approximately perpendicular to the surface water, thereby presumably forming a 
flow-through system like that caracterized by Benner et al. [1995]. The third site was 
located in an area where the surface water and groundwater flow directions were 
approximately parallel. Each site was divided into three transects, each about 5 m apart. 
Detailed streambed topographic maps were constructed at each site. These maps were used 
to correlate the chemistry of the subsurface water with streambed topography and grain 
size.
Two shallow piezometers were installed several meters away from the creek banks. 
Water levels were measured in wells during every sampling session using an electric tape. 
Concurrent collection of floodplain piezometric data by Shay [1997] futher aided in the 
making of potentiometric maps of the area. These surveyed instruments enabled the 
measurement and comparison of water levels on both sides of the stream relative to each 
other and to surface water stage.
Water sampling:
Each transect was instrumented with 5 subsurface water access tubes (1 cm OD 
polyethelene tubing), which were used for sampling the pore water below the streambed 
surface and in the adjacent banks and floodplain (Figure 3). Small diameter, flexible tubing 
was used instead of open PVC wells so that sample exposure to air was minimized. The 
lower 10 cm of the tubes were perforated and covered with a fine nylon screen. Two of the 
tubes were placed into the floodplain approximately 1 m away from the stream bank,
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another two were submerged and set into the banks of the stream, and one tube was placed 
into the streambed at the center of the transects. Transects at Site I had two additional 
tubes, which were installed for purposes of sampling water away from the creek bed 
during high flow, when all five tubes became submerged. The tubes were installed by 
driving a steel rod into the sediment and upon its removal immediately inserting the plastic 
tubing. Wooden stakes attached to the tubes were inserted to stabilize the shallow tubes. 
The tubes penetrated between 15-25 cm into the streambed.
Each subsurface water sample was taken using an acid washed 60 cc syringe after 
purging at least one tube and one syringe volume. Small sample volumes were used in 
order to avoid integrating water from areas far from the tubes. The subsurface water 
access tubes were filled with water and tightly sealed after each sampling event. Three 
depth-integrated surface water samples were taken across each transect, one near each bank 
and one in the center.
Syringe collected samples were immediately pushed through a 0.45 pim filter set in 
an acid washed filter housing and into an acid washed 30 ml bottle. Approximately 10 ml 
of sample was used to purge the filter and bottle before taking the sample. Each cation 
sample was acidified with three drops of concentrated trace-metal grade HNO3  immediately 
following collection. Anion samples were unacidified. All samples were immediately 
placed on ice in the field and kept chilled until analysis. Field blanks and duplicates were 
collected during every sampling session. In the laboratory, the acidified samples were 
analyzed using a Thermo Jarrel-Ash Inductively Coupled Argon Plasma Emission 
Spectrometer (ICAPES) for As, Ca, Cd, Co, Cu, Fe, Mg, Mn, Mo, Na, Ni, Pb, Si, Sr,
Ti, and Zn. Unacidified samples were run on a Dionex Ion Chromatograph (IC) for 
chloride, nitrate, and sulfate analysis within 48 hours of sampling.
Dissolved oxygen, pH, and specific conductance were measured in the field on 
small sub-samples. Alkalinity was measured in the field by titrating HC1 in the sub-sample
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until the pH dropped to 4.5. Temperature was measured for all the sample sites at one 
point in time in order to minimize temperature fluctuations which occur during the course of 
the day of sampling. A thermometer probe was inserted about 10 cm into the sediment as 
close as possible to the subsurface water access tubes, and direct readings were taken.
Solid phase sampling:
Using artificial substrates to sample the solid phase by-passed the problems 
encountered when trying to core coarse-grained stream sediments and delineating coating 
history on the variably sized sediments [Benner et al., 1995]. Twenty-seven bead columns 
were constructed using 40 cm long polycarbonate tubing (1 cm OD., 0.6 cm ID) which 
were slotted (1 mm width) with a band saw on two sides in 3 mm intervals. 
Aluminosilicate beads ( 2  mm average diameter) were inserted into the columns, with 
plastic dividers separating every 10 cm of tube. The dividers were used to minimize 
vertical integration of the water flowing through the columns. The assembled columns 
were soaked in 20% reagent-grade HC1 for 2 hours and rinsed repeatedly with deionized 
water until the ambient pH of deionized water was reached. In the field, each tube was 
carefully inserted into the substrate so that 30 cm of the column was below the channel bed 
surface and 10 cm was exposed in the surface water. Three bead columns were placed in 
each of the 9 transects, with each column placed as close as possible to the three subsurface 
water sampling tubes in each transect (Figure 3). The bead columns were identified by the 
transect in which they were placed (e.g. HIA" = Site I, Transect A) followed by 1,2, or 3, 
depending on whether they were in the left bank, center, or right bank of the creek (looking 
upstream), respectively.
After 52 days, the bead columns were removed. With the removal of each column, 
the location of the water-substrate boundary was marked with a rubber band, and each 
column was quickly rinsed in the stream to wash off excess sediment and algal growths.
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Each column was labeled, photographed, wrapped in plastic wrap, and stored. In the 
laboratory, the columns were oven-dried at 70°C and then carefully sectioned into 4-7 
segments, depending on the amount of visible coating variation on the columns. The beads 
within the surface water portions of the columns were carefully chosen by using only those 
with no visible algal coatings. (Only two bead sections (Bead IIC-3, section 0-8.5 cm, and 
Bead IIIA-3, section 0-7.5 cm) were analyzed using beads with some algal coatings that 
could not be avoided). This was done because analysis of beads with algal coatings 
demonstrated that the algae themselves contained highly elevated metal concentrations (2 0 0 - 
300% the concentration of beads from the same section without algal coatings), thereby 
obscuring concentrations of precipitates on the beads. Approximately one gram of bead 
from each section was measured out. The weighed beads were placed into an acid-washed 
centrifuge tube, to which 10 mL of 40% trace metal grade HC1 was added. The columns 
were then shaken for 1 hour and centrifuged for 10 minutes. The solutions were analyzed 
for major metals using the ICAPES.
Sediment sampling
Three sediment samples were taken from along each bank of each of the three study 
sites. The samples were taken from the top 1-2 cm of stream sediment and wet sieved 
through a 63 pm  mesh, using ambient stream water. The samples were stored on ice for 
transport to the laboratory, where they were immediately centrifuged and dried in a 70°C 
oven. The dried sediment then underwent a microwave aqua-regia digest, and metal 
concentrations were determined with use of the ICAPES.
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Quality Assurance/ Quality Control
Accuracy and precision were measured separately for the water samples and for the 
bead digest samples. Field duplicates, lab duplicates, lab standards (internal and external), 
and blanks were used to find the % error (or variability) associated with each element in 
each water and bead sample.
Accuracy was measured by comparison to USGS standards T 107 and T 1 17, which 
were measured during every use of the ICAPES for cation analysis (Table 1 ). Almost all 
of the mean measured values were less than 1 0 % different from the reported mean values. 
For those measured during water analysis, exceptions for USGS T107 were Cd (19.6%), 
Cu (12%), Mn (12.9%), and Si (12.7%) and for USGS T117 were Ca (12.7%), Mn 
(10.9%), Si (13.7%), and Zn (13.3%). For the standards measured during bead analysis, 
the accuracy was not as good, likely due to carry-over from the high concentrations of 
metals in the bead digests into the relatively dilute standards. All elements were no more 
than 15% different from the reported values. Exceptions for USGS T107 were Ca 
(17.1%), Cd (28.4%), Fe (22.4%), Mn (20.4%), Si (20.8%), and Zn (26%), and the 
exceptions for USGS T 1 17 were Si (15.7%) and Zn (18.8%). Accuracy was less 
important on the bead digests than was precision, due to the use of the beads for 
establishing relative concentrations only.
14
U S G S T 1 0 7
R eported M eas. values % D iff. Meas. values % D iff.
v a lu es (run with water from (run with bead from
mean (stddev) samples) (n=29) R eported  samples) (n=20) R eported
41 0.22 (0.045) 0.24 (0.022) 9.94 0.24 (0.020) 7.57
Ca 11.7 (0.7) 12.8 (0.4) 8.98 13.9 (0.7) 17.1
Cd 0.0143 (0.002) 0.0174 (0.001) 19.6 0.0190 (0.001) 28.4
Cii 0.030 (0.0023) 0.027 (0.012) 12.0 0.03 (0.002) 7.34
Fe 0.052 (0.007) 0.056 (0.015) 7.23 0.065 (0.0007) 22.4
M g 2.1 (0.13) 2.2 (0.091) 4.65 2.36 (0.10) 11.5
Mn 0.0*5 (0.006) 0.051 (0.002) 12.9 0.055 (0.002) 20.4
Mo 0.015 (0.002) 0.016 (0 .002) 7.69 0.017 (0.0024) 14
Na 20.7 ( 1.1) 22.8 (0.44) 9.66 23.6 (1.1) 12.9
S i 3.6 (2.3) 4.1 (0.14) 12.70 4.4 (0.22) 20.8
Sr 0.061 (0.004) 0.063 (0.002) 3.23 0.067 (0.003) 22.9
Zn 0.076 (0.01) 0.08 (0.03) 5.39 0.098 (0.006) 26
USGS T 1 17
R eported M eas. values % D iff. M eas. values % D iff.
v a lu es (run with water from (run with bead from
mean (stddev) samples) (n=12) R eported  samples) (n= ll) R eported
41 0.079 (0.019) 0.084 (0.022) 5.84 0.090 (0.017) 13.3
Ca 20.9 (1.2) 23.7 (0.4) 12.7 24.2 (0.9) 14.6
Fe 0.47 (0.018) 0.51 (0.015) 7.87 0.52 (0.019) 9.78
M g 10.05 (0.44) 10.99 (0.091) 8.92 11.03 (0.32) 9.27
Mn 0.22 (0.003) 0.25 (0.002) 10.9 0.25 (0.009) 12.8
Mo 0.012 (0 .002) 0.013 (0.002) 11.1 0.013 (0.002) 8.70
Na 20.0 (1.26) 22.0 (0.436) 9.67 22.3 (0.89) 10.9
S i 5.54 (0.3) 6.35 (0.1) 13.7 6.48 (0.22) 15.7
Sr 0.265 (0.011) 0.277 (0.002) 4.42 0.277 (0.007) 4.48
Zn 0.176 (0.009) 0.201 (0.025) 13.3 0.212 (0 .010) 18.8
Table 1: Results o f analyses o f Standards USGS T107 and T117 water standards run with 
water and head digest samples.
Eighteen field blanks were collected during the water sampling, and all 
concentrations were below detection, with the exception of Zn, whose average 
concentration was 0.018 mg/1, Twenty three lab blanks were also run during the course of 
the water analysis, and again all concentrations were below detection. Lab blanks run 
during bead digest analyses showed all elements to fall below the detection limit.
However, bead blanks, which were digests run on the aluminosilicate beads not installed in 
the creek bed, showed significant levels of Al and Si, likely resulting from the composition
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of the beads themselves. For these reasons, Al and Si values had to be discarded for the 
bead concentration results. Bead blanks also resulted in mean concentrations of Ca with 
5.6 pigl g bead; Mg with 1.3 \ig! g bead; Na with 0 .%  pigl g bead; and Ti with 0.09 piglg 
bead. The highest levels found in the bead blanks during each analysis were used 
toestablish the boundary of minimally significant bead concentration values in the samples.
Precision was measured through analysis of both lab and field duplicates. Field 
precision of the water samples was measured by analysis of eleven duplicate samples 
collected in the field (about one from each sampling event). Precision of the bead samples 
was measured by taking 17 duplicate samples of beads from randomly selected sections of 
the tubes. Lab precision was measured by running the same samples (whether water or 
bead digest) at least once and calculating the variability in the readings by the ICAPES and 
IC, whichever pertained. Twenty-two lab duplicates were run during the water sample 
analysis, and twenty were run during the bead digest analysis.
Each sample was compared with its field and/or lab duplicate and the percent 
difference between the duplicates was calculated for each element. For purposes of 
calculations, a value of one-half the detection limit was applied to each metal whose 
concentration fell below the detection limit. The 95% confidence interval of the mean of all 
the compiled percent difference values was calculated (Table 2). The variability in the lab 
duplicates was significantly smaller than that of the field duplicates (for the water samples) 
and bead coating variability (for the beads); therefore, the latter were used for construction 
of error/variability bars. Thus, the concentration of each element in each sample had an 
error bar applied to it which represents the 95% confidence interval of the mean field 
variability for the specific element. The appendix contains all of the field and lab duplicate 
samples with the individual percent changes as well as the compilation of percent changes 
from which the 95% confidence intervals were calculated.
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B&mI ' 
sa m p ler
pH 1.3 % NA
Diss. oxygen 23 % NA
Spec. Cond. 3.4 % NA
Alkalinity 19% NA
Cl 4.2 % NA
N03-N 2 2 % NA
S042' 9.7 % NA
A1 28% 37%
As 2 2 % 18%
Ca 1.3 % 15%
ca 21 % NA
Cu 21 % 14%




Mn 2.3 % 10%
Mo 8.3 % 13%
Na 1.6 % 18%
Pb 39% 9.2 %
Si 1.2 % 18%
Sr 1.7 % 13%
Ti NA 2 0 %
Zn 16% 12%
(a): For concentrations > 20 mg/l
(b): For concentrations <1 mg/l
Table 2: Summary o f 95 % confidence intervals applied to water and bead samples for  
construction oferror/variability bars, the 95% confidence intervals for water reflect field  
variability, and those for the beads reflect the coating concentration variability.
Results and Discussion
P h ysica l setting
According to the potentiometric map of the study area, surface water and 
groundwater had variable flow direction relationships (Figure 2). At Site I, surface water 
flows approximately perpendicular to the groundwater. There, head measured on the east 
bank was an average of 9.5 + / - 1 . 6  cm higher than the head measured in the west bank 
during all sampling periods. W ater levels in the stream fell inbetween the measurements 
taken on either bank. Furthermore, temperature, assumed to be conservative, indicates that 
water in the west bank (11.7°C on 6/20/95) was of intermediate composition between east 
bank water (10.5°C) and surface water (14.8°C). This suggests that at Site I, the stream 
functioned as a flow-through system, with groundwater moving into it from the east bank 
and surface water recharging the west bank.
At Site II, the potentiometric maps indicate that groundwater and surface water flow 
approximately parallel to each other. Water level differences in the north and south banks 
and in the surface water were small enough to fall within the measurement and surveying 
error of 3.0 cm. Temperature measurements of the shallow subsurface produced a highly 
variable pattern of temperature zones which appeared to be controlled by grain size. 
Generally, there was no spatial regularity to the patterns.
Although the flow relationships at Site III appear to be analogous to those at Site I 
according to the potentiometric maps, the only discemable head difference was that the east 
bank generally showed slightly higher (3.9 +/- 0.30 cm) water levels than in the surface 
water. The difference between the surface water level and head in the west bank was 
within the measurement and surveying error. Thus, the creek was found to gain water 
from the east bank, while its potentiometric differences with the west bank are small
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enough that flow directions could not be determined. Temperature measurements from 
across the site show that the subsurface water, both in the banks and below the creek bed 
were commonly 2-4°C colder than the surface water.
Streambed sediments:
All sites were generally characterized as having sand and gravel stream bottoms 
with more fine grained sediments (fine sands and silts) forming the banks. A t Site I, the 
streambed ranged in size from coarse sands to medium gravels. The sediments along its 
banks were mostly fine to medium silts and sands. At Site II, an unstable gravel bar 
covered most of the stream bottom during the course of the sampling period. Along the 
banks, the sediments were mostly silty, with only some fine to coarse grained sands. At 
Site III, the streambed sediments ranged in size from sands to large cobbles, although the 
sediments along the banks were silts so fine grained that it was usually difficult and 
sometimes impossible to extract water samples from them.
Flow rate in the creek:
Water sampling took place over the course of four months, during which the flow 
rate in the creek varied from about 800 to 6100 liters per second (1/s) (USGS, 1996)
(Figure 4). W ater was sampled from all the transects in two general episodes of flow rate 
in the creek. One sample set was collected in late June to mid July, when the flow in the 
creek ranged from 2800 L/s to 61001/s. The second set was taken in late August to early 
September, when the flow rate was considerably lower, ranging from 800 to 12001/s. 
During the lower flow period the bead columns were installed in the creek bed.
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Figure 4: Flow volume rate ( l/s) in Silver Bow Creek at the time of water sampling and of 
head tube installation in the creek bed. Data from USGS [1996j.
The head in the groundwater fluctuated about 0.8 m in the aquifer over the course of the
sampling period (Shay, 1997).
H yporheic  Zone Chemistry: D issolved (<0.45 u m ) fraction:
Water highly elevated in metal concentrations compared to the surface water was 
collected in the shallow hyporheic zone at depths less than 30 cm beneath the creek bed 
during both low and high flow episodes at all the sites. The chemistry of the hyporheic 
zone was highly variable both spatially and temporally. Every water sample had a unique 
chemical composition. Table 3 shows an example of hyporheic zone water chemistry 
found in two samples from each site. (The appendix shows the entire dataset.)
The pH of water collected from the hyporheic zone commonly measured about 6 , 
which is an intermediate value between typical groundwater ( ^ 3 - 5 )  and surface water 
(~7- 8 ) at the site. Dissolved As in the hyporheic zone samples were found above the 





6 /2 6 /9 5
IA-G W 2
8 /2 4 /9 5
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7 /1 1 /9 5
II1A-GW2
8 /2 8 /9 5
pH 6.8 6.7 6.8 7.0 6.3 6.3
d .0 2 0.5 1.5 1.3 0.6 1.7 1.7
Cond. 1.20 0.851 o 07 0.755 1.15 1.58
A lk at. 7.6E+02 3.7E+02 1.7E+03 3.8E+02 8.4E+01 9.6E+01
C l 30 15 26 18 27 38
NO , -N BDL 0.13 BDL BDL BDL BDL
s o / 15.3 36.4 188 17.8 7.5E+02 6.9E+02
A 1 0.39 BDL 0.64 BDL 0.14 0.09
A s 1.6 0.11 2.6 0.21 0.11 BDL
Ca 110 88 330 77 150 166
Cd BDL BDL BDL BDL BDL BDL
Cu 0.175 BDL 0.954 0.015 BDL BDL
Fe 71 51 2. 1E+02 n 73 60
M g 21 16 54 I I 36 38
Mn 20.0 8.61 45.5 7.79 12.9 10.0
Na 31 32 65 27 78 103
N l BDL BDL 0.023 BDL BDL BDL
Pb BDL. BDL. 0.14 BDL BDL BDL.
S i 21 17 17 20 23 20
Sr 0.618 0.673 1.12 0.450 1.34 1.63
Ti 0.016 BDL 0.023 BDL BDL BDL
Zn 0.384 0.042 2.04 0.166 6.4 12.7
Table 3: The chemical characteristics o f six selected hyporheic zone samples, two from 
each site. Concentrations are in my/1. Error! variability bars are listed in Table 2.
of the 24 groundwater samples collected by Shay 11997) at the same study site had any
measurable As, and it was below detection in the surface water. Aluminum, Cd, Co, Cu,
Ni, Pb, and Ti were below detection in some samples and above in others. The rest of the
measured metals were always at detectable levels, although the concentration ranges for
most of them were variable within one to three orders of magnitude. Iron and Zn
concentrations had the highest variability, with sample concentrations ranging over three
orders of magnitude; dissolved Fe concentrations in the hyporheic zone varied from 0.15 to
350 mg/1, and dissolved Zn concentrations ranged from 0.042 mg/1 to 26 mg/1. Dissolved
Ca, Cl, Mg, Mn, Na, and Si concentrations had much smaller ranges of variability in the
hyporheic zone, generally within one order of magnitude.
Despite the large chemical variation, distinct patterns were found in the distribution 
of dissolved chemical constituents in the hyporheic zone samples of each of the three sites.
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Site I:
At Site I, the water samples taken from the upgradient east bank, interpreted from 
the piezometric data and from research by Benner et al. J 1995| to be the local groundwater, 
typically contained higher concentrations of metals and SO4 - ' and had lower pH levels than 
did the samples taken from the downgradient west bank, interpreted to be the hyporheic 
zone. The pH levels averaged 4.3 (standard deviaton = 1.2) in the east bank, in contrast 
with samples from the west bank, where pH levels averaged 6.5 (standard deviation =
0.4). In addition, mean concentrations of SO4 - ', Ca, Mg, Cu, Fe, Mn, and Zn were 
lower in the west bank than in the east bank, although the standard deviation for these 
concentrations overlapped due to the temporal and small scale spatial variability.
The general trends observed at the Site is exemplified in the Figure 5, which depicts 
the results of sampling transect B at Site I on one particular day (6/20/95). The 
concentration patterns of Fe and Mg show highest concentrations in the east bank, lowest 
were below the creek bed, and intermediate concentrations were in the west bank. The 
concentration patterns of Ca, Na, and specific conductance were the same as those of Fe 
and Mg. Sulfate, Al, Cd, and Zn had the same spatial trends as did Cu (shown in the 
figure), with high concentrations in the east bank samples, and concentrations close to or 
below detection in all other subsurface water samples. Two of the three sampling sites in 
the center of the creek bed usually contained water which chemically resembled the surface 
water. The third of these, sample site GW-3 at Transect A, was found to contain metal 
concentrations similar to those found in the east bank all four times it was sampled. ( The 
appendix contains the results of the chemical profiles of the water samples taken along each 
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Figure 5: Example of spatial trends of metal concentrations and pH and 
dissolved oxygen (D.O.) levels found across one transect at Site I. Points 




The chemical differences across the transects at Site II were not nearly as clear as 
those at Site I. Figure 6  exemplifies the general spatial trends found across the site. The 
trends did not show a relationship of metal concentration and acidity favoring either bank. 
Although average concentrations of Ca, Fe, Mg, Mn, and Na, and specific conductance 
were commonly slightly higher on the south bank, average Cu and Zn tended to be slightly 
higher on the north bank. Chloride, S 0 4“ , and Si concentrations varied as well, but their 
concentrations did not were not different in either stream bank. Samples taken from 
beneath the gravelly center of the streambed (wells IIA-GW3, IIB-GW3, and IIC-GW3) 
very closely resembled the chemistry of the surface water. In addition, the mean metal 
concentrations at the Site were low compared to those found in water samples from Sites 1 
and III. It thus appeared that most of the samples were more heavily dominated by the 
surface water than at Site 1. (The appendix illustrates the results of the chemical profiles of 
the water collected along transects at Site II.)
Site III:
At Site III, yet another spatial profile was identifiable across the transects. The east 
and west banks of the creek exhibited almost identical subsurface water chemical 
compositions (Table 4). The samples were characterized by almost neutral pH and 
relatively high concentrations of dissolved metals.
The chemistry of the water collected from the subsurface of the central portion of 
the creek had higher dissolved O2  and NO3 --N, and lower specific conductance, alkalinity, 
and concentrations of all the constituents measured than did the water collected from within 





















Figure 6 : Example of spatial trends of metal concentrations and pH and 
dissolved oxygen (D.O.) levels found across one transect at Site II. Points 
on the graph correlate with locations along the transect shown below the 
graph.
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pH 6 .6  (0.24) 6 .6  (0.11) 6 .6  (0.37)
D.O. 1.4 (0.9) 3.5 (0.9) 1.8 (0.7)
Cond. 1.27 (0.47) 0.650 (0.23) 1.80 (0.30)
A lkal. 458 (371) 122 (45) 306 (210)
Cl 25.3 (6.3) 15.8 (4.9) 58.1 (13)
NO 3 --N (<0.15) 0.75 (0.38) (<0.15)
SO4 2- 364 (291) 236 (127) 553 (340)
A1 0 .1 2  (0.10) 0.07 (0.04) 0.11 (0.05)
As 0.25 (0.12) (<0.0 7) 0.22 (0.13)
Ca 133 (39) 63 (24) 172 (46)
Cu 0.03 (0.04) 0.08 (0.07) 0.03 (0.02)
Fe 155 (139) 10.3 (6.9) 57.8 (40)
M? 33.2 (12) 14.4 (5.8) 41.7 (12)
Mi 19.0 (8.9) 3.38 (2.2) 9.30 (4.8)
Mo 0.23 (0.20) 0.019 (0.01) 0.10 (0.05)
N a 72.7 (23.5) 33.2 (13.6) 141 (41.2)
Si 21.9 (2.8) 14.4 (0.55) 20.2 (4.1)
Sr 0.929 (0.42) 0.473 (0.22) 1.51 (0.45)
Zn 00 01 NJ O'! 4.73 (5.1) 3.16 (5.7)
Table 4: Mean and standard deviations of concentrations of metals and other measured 
constituents at Site III. Mean Cd, Ni, Pb, and Ti are not included because their means 
were below detection.
Figure 7, which depicts the concentrations of some metals found at Transect III B 
on 7/17/95, exemplifies these trends found at Site III. The profiles of Mg, Fe, and Cu 
show the pattern of increasing concentrations of metals with distance away from the creek 
center, both in the east and west banks.
Low sulfate samples:
Some samples from the hyporheic zone were found to contain SO4 -" 
concentrations that were significantly lower than in the groundwater and in the surface 
water (Table 5). These samples were usually depleted or almost depleted in NO3  -N and 
dissolved CF, and they contained relatively high alkalinity concentrations (Figure 8 ). In 
addition, they came from locations where the surface water is thought to be infiltrating the 
hyporheic zone based on potentiometric data, such as at Site II and in many of the west 
bank (downgradient) samples at Site I. Only one sample (IIIC-GW4 (8/31/95)) from
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Figure 7: Example of spatial trends of metal concenttations and pH and 
dissolved oxygen (D.O.) levels found across one transect at Site III. Points 
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Figure 8: Sulfate vs. Alkalinity concentrations in the three water groups.
Site III (where piezometric data indicate the stream to be gaining from at least one side) had 




w a t e r
' r M k i f - ' J
Site 1
IB-GW1 (6/26/95) 0.5 BDL 15.3 7.6E+02 6 0.9- 1.0 54-55 1.0E+02
IA-GW2 (7/19/95) 1.2 BDL 28.9 5.7E+02 6 1.1 73 1.7E+02
IA-GW2 (8/24/95) 1.5 BDL 36.4 3.7E+02 7-8 1.6-1.7 90-96 1.3E+02
IA-GW2 (9/27/95) 1.6 0.14 51.4 3.4E+02 7 1.9 108 1.3E+02
Site 11
IIA-GW4 (7/6 /95) 1.3 BDL 25.8 3.4E+02 6 0.7-0.9 60-63 1.3E+02
IIB-GW4 (7 /6 /95) 1.1 BDL 9.25 2.7E+02 6-7 1.2 62-67 1.4E+02
IIA-GW2 (8/31/95) 0.6 BDL 17.8 3.8E+02 8 1.6-1.7 102-104 1.2E+02
IIA-GW4 (8/31/95) 0.9 BDL 55.9 2.6E+02 8 1.6-1.7 102-104 1.2E+02
Site 111
IIIC-GW4(8/ 31 /  95) 2.1 0.73 79.1 2.3E+02 8-9 1.5-1.6 97-102 1.2E+02
Table 5: Dissolved oxygen, nitrate-N, sulfate, and alkalinity concentrations in some 
hyporheic zone samples with most concentrations lower (and alkalinity higher )than surface 
water and groundwater samples. The surface water chemistry for each given sampling 
date is listed alongside the hyporheic zone samples for purposes o f comparison.
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Surface water: physical and chem ical results
The surface water chemistry was far less spatially and temporally variable than that 
of the hyporheic zone water or the groundwater. Generally, it was near neutral in pH, 
had moderate to high dissolved oxygen levels, and was relatively low in dissolved metal 
concentrations (Table 6 ).
pH 7.7 (0.35) 8.2 6.6
D.O. 7.2 (1.3) 11 3.9
Cond. 0.424 (0.09) 0.545 0.304
Aik. 1.3E+02 (25) . 2.0E+02 80
Cl 14 (4.2) 28 7.4
NO3 -N 1.30 (0.53) 1.94 0.304
SO4 2' 78.4 (23.7) 109 46.8
Al (<0.07) 0.34 (<0.07)
As (<0.07) «  0.07) (<0.07)
Ca 47 (8.8) 58 35
Cd {<0.01) (<0.01) (<0.01)
Cu 0.136 (0.04) 0.262 0.06
Fe 0.22 (0.11) 0.46 0.05
Mg 10.4 (2.17) 13.2 7.54
Mn 0.90 (0.29) 1.33 0.44
Mo (<0.01) (<0.01) (<0.01)
Na 23 (4.7) 29 16
Ni (<0.02) (<0.02) (<0.02)
Pb «0.1) (<0.1) (<0.1)
Si 13 (0.77) 16 12
Sr 0.265 (0.05) 0.330 0.198
Ti 0.003 (0.002) 0.010 0.003
Zn 0.645 (0.255) 1.31 0.323
Table 6: Summary o f  surface water chemistry (concentrations in mg/1). The mean data are 
from all surface water samples collected, thus including those collectied over a range o f  
flow  rates in the creek, spanning from 800 to 6100 LI s.
Surface water chemistiy varied at all sites with flow volume. Generally, 
concentrations of cations and anions decreased with increasing flow rate. Such 
relationships were particularly clear for Ca, Mg, Mn, Na, Cl, N 0 3 ~-N, S O /’and specific 
conductance (Figure 9). Relationships of Cu, Zn, Fe, Si, and pH with flow rate were not 
as clear (Figure 10).
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Figure 9: Concentrations ofCa, Mg, Mn, Na, Cl, NO j"* SO4Z-, and specific conducatnce 
vs. flow  rate (Us) in Silver Bow Creek.
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Figure 10: Concentrations o f pH, Cu, Fe, Si, and Zn vs. flow  rate (Us) in Silver Bow 
Creek.
Although the flow rate varied over a 7.5-fold difference over the course of the study period 
(from 800 to 6100 L/s), the concentrations of the elements did not vary accordingly (Table 
7).
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Parameter Cone at 800 L/s Cone at 6100 L/s Cone, at 800 L /s / 
Cone at 6100 L/s
Mn 1.1 mg/1 0.45 mg/I 2.4
Cl 17 mg/1 7.5 mg/1 2.3
so42- 100 mg/1 45 mg/1 2.2
Ca 53 mg/1 35 mg/I 1.5
Mg 13 mg/1 7.6 mg/I 1.6
Na 28 mg/1 17 mg/1 1.6
spec. cond. 0.50 0.31 1.6
Zn 0.5-1.1 mg/1 0.38 mg /I 1.3-2.9
Cu 0.12-0.18 mg/1 0.10 mg/1 1.2-1.8
Table 7: Comparison o f concentrations of selected parameters during low and high flows 
in the surface water
S o lid  phases
The bead columns provided a finer resolution scale of the chemical characteristics of 
the hyporheic zone. When the three bead columns in each of the nine transects were 
removed from the streambed, each exhibited two to three distinct color zones. The top 
section (about 1 0  cm in the length) that projected out into the surface water was green due 
to algal coatings on all of the bead columns. Most subsurface portions (the remaining 
approximately 30 cm in length) of the columns remained white in color. Yet 22 of the 27 
bead columns exhibited some amount of precipitation by reddish iron oxides along their 
lengths, usually right at the surface water - substrate boundary. On some bead columns, 
this coloration was a thick, dark red, and other columns had much thinner and lighter red 
coatings. Bead Column IIIA-2 is an example of a bead column that exhibits the three main 
color zonations (Figure 11).
The red precipitation zones generally spanned no more than about 5 cm of the bead 
column lengths, although considerable variability existed. Some bead columns exhibited 
much thicker zones of precipitation (up to 30 cm, in the case of 1A-2 (Figure 12) and others 
showed two separate zones of precipitation (IC-1, IIC-3 (Figure 1 1 ), I IB -1 , and IIIC -2).
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Figure 11: Photographs of bead columns 111 A-2 and IIC -3. Rubber bands mark the surface 




Figure 1 2 : Photographs o f bead columns IIA-2 and IA-2. Rubber bands m ark the surface 
w ater - streambed boundary.
The five columns with no precipitation zones are IIA-2 (Figure 12), IIB-2, IIC-2 , all of 
which were located in the center of the creek at Site II, IB-2, in the center of the creek at 
Site I, and IIA -1, located along the north bank of Site II. The concentrations of metals 
and As along the lengths of the columns mentioned above are listed in the Table 8 .
CONCENTRATIONS ON BEADS (/ie/ g BEAD |
sw/
(Ocm=top) Sabs. C o lo n  on
Sample Name famuL bead tube 4* £4 £a & Mf Mn E El! $S TJ ?1{
[A-2 0-12cm 13 cm 0-13 green 0.44 13 0.05 17.8 39 6 .4 7.05 0.05 7.6 BDL 9.0 0.97 0.128 0.304 13.3
IA-2 12-15cm 13-15 light red 1.2 11 0.08 31.2 140 3 .0 3.36 0.20 4.1 BDL 10 1.2 0.108 0.142 15.8
IA-2 15-23cm 15-42 red 0.42 9.6 0.05 18.2 210 3.6 3.77 0.31 4.8 BDL 6.4 3.0 0.085 0.161 12.9
IA-2 23-33.5cm 0.21 22 BDL 10.9 140 3.6 3.25 0.21 5.4 BDL 3.6 1.6 0.1 17 0.164 6.38
IA-2 33.5-42cm 0.22 9.0 BDL 10.7 190 3.8 3.41 0.30 5.6 BDL 3.1 1.6 0.071 0.164 6.13
ICM 0-8em 8 cm 0-8 green w1 0.48 9.1 BDL 5.55 18 2.6 1.98 BDL 2.0 0.25 3.6 0.71 0.075 0.238 6.79
KM 8 - t t  cm red streak 0.58 11 BDL 2.65 30 4.2 4.81 BDL 3.7 0.73 5.0 1.1 0.094 0.174 8.04
IC-1 11-30 cm 8-11 v.l. red BDL 8.0 BDL 4.49 7.6 4.1 3.52 BDL 4.9 0.34 2.3 0.48 0.060 0.137 9.84
IC-1 30-42cm 11 -30 while 2.3 13 0.12 18.0 30C 3.8 6.46 0.43 4 .4 1.6 40 1.2 0.268 0.179 21.9
30-42 med. red
IIA-1 0-10.5cm 15.5 cm 0-10 drk green BDL BDL BDL 4.22 10 BDL 1.30 BDL BDL BDL 3.0 BDL BDL BDL 3.61
I LA-1 10.5-15.5cm 10-15.5 £ieen BDL BDL BDL 2.91 9.2 BDL 0.880 BDL BDL BDL 2.9 BDL BDL BDL 2.12
IIA-1 15.5-22cm 15.5-20.5 BDL BDL BDL 3.11 6.3 BDL 0.612 BDL BDL BDL 2.4 BDL BDL BDL 1.79
I LA-1 22.5-33cm 1. green BDL BDL BDL 2.98 5.5 BDL 0.616 BDL BDL BDL 2.5 BDL BDI. BDL 4.46
IIA-1 33-42cm 20.5-42 white BDL BDL BDL 1 12 3.4 BDL 0.410 BDL BDL BDL 2.3 BDL BDL BDL 2.17
IIA-2 0-10.5cm 13.5 cm 0-13.5 green BDL BDL BDL 4.75 17 BDL 1.82 BDL BDL BDL 5.0 BDL BDL BDL 4.12
IIA-2 11 -13.5cm 13.5-42 white BDL BDL BDL 2.35 9.9 BDL 0.780 BDL BDL BDL 3.4 BDL BDL BDL 2.54
IIA-2 13.5-21.5 cm BDL BDL BDL 1.82 7.6 BDL 0.648 BDL BDL BDL 2.8 BDL BDL BDL 1.98
IIA-2 22-32 cm BDL BDL BDL 0.85 3.7 BDL 0.365 BDL BDL BDL 2.1 BDL BDL BDL 1.08
IIA-2 32-42cm BDL BDL BDL 0.77 4.4 BDL 0.340 BDL BDL BDL 2.0 BDL BDL BDL 0.96
[IB-1 0-8cm 8cm 0-8 green BDL 10 BDL 4.85 16 1.9 1.62 BDL 1.6 0.19 4.1 0.66 0.083 0.192 5.13
11B-1 8-14cm 8-14 v.light red 0.75 9.4 BDL 4.01 28 1.68 1.27 BDL 1.37 BDL 4.9 1.62 0.098 0.253 7.49
I1B-1 14-26cm 14-26 white 0.6 7.8 BDL 2.65 11 1.71 0.58 BDL 1.51 BDL 1.9 0.85 0.067 0.203 5.79
IIB-1 26-35cm 26-41 light red 1.41 10 BDL 4.10 36 2.14 1.19 BDL 1.56 BDL 5.2 1.87 0.105 0.296 4.65
11B-I 35-41cm -------------- {.77 12 BDL 2.98 31 2.30 1.17 BDL 2.0 BDL 4.6 1.24 0.117 0.296 5.03
IIB-2 0-7cm 7 cm 0-6 green BDL BDL BDL 5.23 16 BDL 1.75 BDL BDL BDL 4.4 BDL BDL BDL 4.79
IIB-2 7-12cm 6-8 light green BDL BDL BDL 5.50 21 BDL 1.83 BDL BDL 0.68 4.6 BDL BDL BDL 4.51

































































IIC-2 8.5-11cm 8.5 cm 0-8.5 green BDL 1 1 BDL 3.55 11 1.7 1.50 BDL 2.6 BDL 2.0 BDL 0.070 0.126 3.38
IIC-2 1 l-21cm 8.5-40 white BDL 9.9 BDL 2.46 7.7 1.5 0.843 BDL 2.4 BDL 1.5 BDL 0.062 0.122 2.41
IIC-2 21-30cm BDL 6.9 BDL 1.29 4.0 0.9 0.390 BDL BDL BDL BD1 BDL BDL BDL 1.49
IIC-2 30-40cm BDL 6.5 BDL 1.01 3.1 1.1 0.37 BDL 1.4 BDL BDI BDL 0.14 0.090 1.3
Table 8: Concentrations o f metals and As (jig/g bead) along the lengths of 7of the 27 bead 
columns.
(A full listing of the concentrations on all the bead columns are in the appendix.)
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Analysis of the bead column sections revealed that the white sections generally 
contained the lowest metal concentrations, the red sections contained the highest 
concentrations, and the green zones contained concentrations inbetween the two, although 
closer to the low concentrations on the white beads. The element for which this was most
clearly apparent was Fe (Figure 13).
400 -





1 0 0  -
0
Error bars are the standard deviation of the mean 
concentrations of the samples.
Figure 13: Mean Fe concentrations (pg/g head) on head color zones (all samples, 
compiled.)
The standard deviations of the means for Fe concentrations shown in the figure are so large 
because the figure uses data from all the columns, which come from different portions of 
the creek, which overly a very chemically heterogeneous groundwater system. 
Examination of columns on an individual or site specific scale reveal significantly smaller 
variability bars among the different color zones. The concentrations of metals on the 
surface water beads were far less variable than those found on white or red beads, likely 
due to the relatively homogeneous chemical nature of the surface water across the site.
The comparison of ratios of dissolved metals in the surface water to ratios of metals on 
bead columns (surface water sections) shows the following sequence of preferential
T
Surface Red bight red Wh i t e
w ater  beads beads beads
beads
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precipiation in the surface water: Fe > Cu > Zn > Mn >Na > Mg > Ca. (i.e., of these 
metals, Fe is most unstable in the dissolved phase of the surface water, and Ca is most 
stable).
Figures 14-16 illustrate the concentrations of various metals and As along the 
lengths of a few of the bead columns, one from each site. Note the correlation of 
concentration with coloration on the columns, and that many metals peak in concentration at 
the same places along the columns. Metals which typically do not exhibit clear trends along 
the lengths of column are Ca, Mg, Na, and Ti. The appendix contains the concentrations 
of the metals and As for each section along all the bead columns.
Site -specific trends: Bead columns
Eight of the nine bead columns from Site I had red precipitation zones on them.
The six bead columns within the banks (one in each bank for each transect) had the 
precipitation zones located right along the interface between the surface water and the 
streambank sediments, with concentrations of Fe~100-300 pglg  bead; Mn~3-5 pglg  bead; 
Zms6-20 pglg  bead. Two of the three bead columns set into the center of the creek bed 
revealed precipitation zones. That of Transect A had the longest accumulation of 
precipitates found on any of the columns; the precipitation spanned the entire 30 cm length 
of its subsurface portion. The bead column in the center of Transect B was the only 
column at the site without any detectable precipitation on it.
At Site II, none of the three bead columns in the center of each transect had any 
detectable precipitation zones, yet those along the banks (except for IIA-1 ) did. However, 
the precipitation zones on four of the six were very light red in color and had metal 
concentrations significantly lower (Fe^30-40pglg  bead; M n«l.0-1 .5pg/g  bead; Zn=3-7 
pgjg  bead) than on those in the darker red precipitation zones common to bead columns at 
the other sites.
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Figure 14: Bead column IA-1 concentration profile
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Figure 15: Bead column IIC-3 concentration profile
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At Site III, every bead column, including the three in the center of the creek bed, 
had a zone of precipitation on it. The precipitation zones were all relatively dense, with 
high metal concentrations (Fe~100-700 //g/g bead; Mn~0.5-3 /ig/g bead; Zn~5-18 /ig/g 
bead), and occurred right at the surface water - substrate boundary. A few (e.g. IB-1, 
IIIA-1 and IIIB-3) had metal concentrations on their surface water portions which were 
significantly elevated (about 2-5 times more concentrated) than the more typical 
concentrations found on other surface water beads.
40
Ph ysical m ixing in the hyporheic zone:
The results of the examination of the physical relationships of groundwater and . 
surface water flow directions, as well as the temperature patterns found beneath the creek 
bed at the three sites indicated that the waters were physically mixing. The solute chemical 
composition of the hyporheic zone samples being distinct from that of both the surface 
water and local groundwater is more evidence that physical mixing of the waters was likely 
taking place. The component of physical mixing in the hyporheic zone can be identified 
through the use of conservative ions, or natural tracers that do not make a transition 
between the solid and aqueous phases across the groundwater- surface water interface. In 
addition to not reacting, conservative metals concentrations should form a linear 
relationship when plotted against each other, indicating that they may be a product of 
mixing of chemically different waters |Faure, 1991 ]. The mixing ratios calculated from 
concentrations of conservative elements in the hyporheic zone indicate the proportion of 
groundwater to surface water present in each subsurface water sample.
Benner et al. 11995J used Cl and Mn as conservative elements in their study at 
Silver Bow Creek. Chloride is typically thought to be one of the least reactive solutes in 
aquatic systems and has been used in many tracer studies [Feth, 1981; Legrand-Marcqand 
Laudelot, 1985; Triska et al., 1989; Stollenwerk, 1994), and Mn has been used in other 
studies as a conservative tracer as well [Bencala etal., 1987). However, other than in the 
surface water, Cl and Mn do not form a linear relationship according to the data collected 
for this study. Na has been found to act conservatively in aquatic systems together with Cl 
[Theobald et al., 1963; Chapman, 1982). However, these two do not form a neatly linear 
relationship either, likely indicating an unidentifiable measurement problem with Cl. A 
small range of Cl concentrations (16-22 mg/1) are connected with a wider range of Na 
concentrations (approximately 20-120 mg/1). Most importantly, the very small differences
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between the surface water Cl concentrations and the groundwater Cl concentrations (all but 
the ones collected near Site III) made it a poor choice for calculations of mixing ratios.
Ca and Mg appear to be acting conservatively at the site, and their concentrations in 
the surface water and the groundwater are relatively large. Ca and Mg follow linear 
conservative mixing relationships |Faure, 1991] (Figure 17).
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Figure 17: Dissolved Ca v.v. Mg concentrations / mg/1} in water samples.
In addition, the solid phase sampling results support the conservative behavior of Ca and 
Mg. On 20 of the 27 bead columns, Ca and Mg did not exhibit any statistically significant 
trends along the length of the bead columns, suggesting that they generally undergo very 
small to insignificant chemical changes across the surface water - groundwater interface as 
reflected in the solid phase. The comparison of dissolved vs. solid phase ratios in the 
surface water further confirm the observed conservative nature of Mg and Ca, since they 
were shown to be most stable in the surface water's dissolved phase compared to the other 
metals. Other researchers have found one or both of these elements to behave 
conservatively in aqueous systems as well |Stauffer, 1985; McKnight andBencala, 1990; 
Wetherbee and Kimball, 19911. Thus, Ca and Mg were used to calculate mixing ratios in 
the hyporheic zone.
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By using the mixing equation:
y = 100 * ([HZ]-ISW])/([GW]-[SW]) [Benner et aU 1995; modified
from Triska etal., 1989]
where
y= the percent groundwater in the hyporheic zone water 
[HZ\= the concentration of the element in the hyporheic zone 
[SW]= the concentration of the element in the surface water 
[GW]= the concentration of the element in the groundwater
the percent of groundwater in the hyporheic zone water samples could be calculated using 
Ca and Mg concentrations (Figures 18-20). Because each sample was unique, a separate 
mixing ratio was calculated for each.
Calcium and Mg (and Na at Site II) yielded nearly identical values of mixing ratios 
for most of the subsurface water samples, usually within +/- 10%. Variabilities exist due 
to possible sampling errors, analysis errors, and inaccurate concentrations used to represent 
the local groundwater chemistry.
Finding the endmember groundwater concentration (]GW]) proved difficult. Due 
to the variability of the metals concentrations in the groundwater generally existing on 
scales smaller than the size of any of the three sites used in this study \Shay, 1997], it was 
not feasible to make a generalization of the groundwater chemisti^ across the study area for 
calculating mixing equations. Instead, values for the groundwater concentrations were 
assigned according to the chemistry of the closest high-metal, upgradient sample at each 
transect. Although some of these samples may have been influenced by the surface water 
due to their close proximity (within 3 meters) to the creek, they likely represent the local 
groundwater interacting with the creek better than would samples taken from piezometers 
further away on the floodplain which commonly contain water of greatly different chemical 
composition. If these samples have some surface water component within them, the 
mixing ratios may be an overestimation of the amount of groundwater calculated per 
sample. However, there is no way to draw the line between "pure" groundwater and
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groundwater partially diluted by inflowing surface water, given the heterogeneity of the 
groundwater system itself.
At Site I, the groundwater Ca and Mg concentrations used were taken from east 
bank (upgradient) samples with the hi ghest concentrations of these elements. For transect 
IA, water sample IA-GW4 (9/27/95) was used as the groundwater end member; for 
Transect IB, sample IB-GW5 (8/27/95) was used; and for Transect C, sample 1C-GW6 
(6/28/95) was used. At Site II, the values used were derived from IIA-GW5 (7/6/95), a 
sample collected from the stream bank about 0.5 m south of the creek at the site. It 
contained significantly higher concentrations of Ca, M g , and Na than did the two closest 
(10 and 20 m away) floodplain piezometers. The mixing ratios for Site II indicate that Na 
is acting conservatively together with Ca and Mg, and thus was included in calculating the 
average mixing ratios at this site. At Site III, the values were taken from the subsurface 
water access tube G W -1 in transect IU A. The sampling tube was chosen because it was 
upgradient of the creek, and its concentrations of conservative elements were highest.
The surface water concentrations [SWJ varied significantly with flow volume, and 
thus the end member surface water values varied with each sampling date. This variability 
was accounted for in the calculations; surface water values used were adjusted for the 
specific concentration found on the same day as the hyporheic zone water sample was 
collected.
Site-specific trends with mixim ratio results
As seen in Figures 18-20, the mixing ratio results indicate that significant portions 
of the shallow subsurface water samples are groundwater in a the samples (> 2 0 % 
groundwater in 48% of the samples). The mixing ratios also illustrate the large degree of 
heterogeneity seen in the samples, both in terms of spatial distribution and changes with
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flow rate in the creek. Nonetheless, on a site by site analysis, general trends were 
discemable.
At Site l's east bank, where the highest metal concentrations were observed in the 
water samples, the mixing ratios further indicate that groundwater comprises a relatively 
large portion of the samples (mean 48%). The west bank had lower mean percentages of 
groundwater composition (17%), and the samples from the below the center of the creek at 
Transects B and C were calculated as having 0% groundwater. The samples from below 
the center of the creek at Transect A, which contained relatively high metal concentrations, 
show groundwater comprising proportions of the samples similar to those in the east bank. 
Thus, the west bank samples are again interpreted as representing the local hyporheic zone, 
where infiltrating surface water mixes with the groundwater in the west bank. The 
upgradient east bank samples more closely resemble the local groundwater as characterized 
by Shay [ 1997], and are interpreted to represent the groundwater moving into the creek. 
This general relationship was also described by Benner et al. [ 1995] at the same site 
(specifically, at this study's transect IC).
At Site II, the mixing ratios indicate that both banks contained some proportion of 
groundwater, although not more than about 27% at any location (other than I1A-GW5, 
which was used as the groundwater end member). All samples taken from beneath the 
center of the streambed were calculated to contain 0% groundwater. The mixing ratios 
suggest that this site is heavily controlled by the surface water, as compared with other 
sites, and groundwater is not a major component of the shallow hyporheic zone (Figure 
19).
The mixing ratios at Transects A and B at Site HI also complement the general 
trends seen in the metal concentrations across the transects. Generally, both east and west 
banks contained similarly high proportions of groundwater according to the mixing ratios. 
Each transect exhibited increasing groundwater concentrations further from the center of the
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creek. Yet, even those samples below the center of the creek bed contained from 1 to 27% 
groundwater, depending on sample time and location. Thus, the east banks samples are 
interpreted to represent the local inflowing groundwater, due to the high metal 
concentrations found in the samples and because of the higher head in the east bank 
piezometer. Because of the undetectable head differences between the west bank and the 
surface water, there does not appear to be a strong gradient moving surface water into the 
groundwater or vice versa. This, in conjunction with the high concentrations of metals 
and the calculated proportion of groundwater in the west bank samples and in the center of 
the creek, suggest that the creek may be gaining water from all sides at this site.
C hem ical transition in the hyporheic zone
No metals other than Ca and Mg (and in places Na and Cl) form linear plots of 
their concentration relationships, and their mixing ratios do not match those produced using 
the conservative elements. This indicates that chemical reactions are taking place in the 
hyporheic zone in conjuction with the physical mixing of the waters.
Examination of the bead columns with precipitation bands further indicates that 
physical mixing is not the only factor controlling the chemistry of the hyporheic zone. The 
highest concentrations of metal precipitates typically occurred right at the surface water - 
substrate boundary. These precipitation zones are interpreted to represent the portion of the 
hyporheic zone where acidic, reduced, and high-dissolved metal concentration water comes 
into contact with large enough amounts of the neutral, oxic, and more dilute surface water 
to induce the precipitation of metal oxides [Benner et al., 1995J. Very minimal 
precipitation of metals is found on the white portions of the bead tubes below the red 
precipitation zones. These white portions are thus interpreted to have resided in more 
acidic and less oxic environments which are favorable to retaining metals in solution 
[,Stumm and Morgan, 1970J. Such environments are found where larger proportions of
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groundwater are present. The concentrations of precipitates observed in the surface water 
portions of the bead columns are also relatively low. Therefore, conservative physical 
mixing between the two low solid-phase concentration zones cannot explain the thick bands 
of high metal concentration precipitates that separate the two. Instead, these zones of 
precipitation are products of chemical reactions which occur where the chemically distinct 
surface and groundwaters mix to the extent that metals in the groundwater become unstable 
in the dissolved phase due to the dilution by oxic and neutral surface water.
The precipitation of metals within the mixing zone agrees with chemical theories 
and field and laboratory observations of pH and Eh controlling the partitioning of metals 
into their dissolved and solid phases \Stumm and Morgan, 1970; Chapman et al., 1983; 
Nordstrom and Ball, 1986; Stollenwerk, 1994). In numerous studies on streams affected 
by acid mine drainage, researchers have illustrated the close correlation of dissolution/ 
precipitation and sorption/ desorption reactions with changing pH and redox conditions 
[Theobald et al., 1963; McKnight and Bencala, 1990; Davis et al., 1991; Smith et al.,
1992J. Generally, metals become increasingly less soluble in less acidic and more 
oxidizing conditions, and microbial action greatly accelerates the rate of redox reactions 
[Nordstrom, 1982]. The oxidation rate of Fe (II) to Fe (III) is pH dependent [Nordstrom, 
1982], typically occuring between a pH of about 4.5 and 5.0, and commonly results in the 
formation of Fe oxides or oxyhydroxides [McKnight and Bencala, 1990J. At higher pH 
levels, metals such as Al, Cd, Cu, Mn, Pb, and Zn come out of solution and can sorb with 
the Fe oxides | Johnson, 1986; Filipek et al, 1987; Rampe and Runnells, 1989; Callenderet 
al., 1991J.
Most of the hyporheic zone water samples had near neutral pH levels, yet they 
commonly contained high levels of metal concentrations. This suggests that many of the 
metals remain in the dissolved phase (or in colloids <0.45 pm  that can pass through the 
filter) at least until a near- neutral pH is reached. The relationship between pH levels and
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metal concentrations is seen in Figure 21. The relatively steady concentrations of metals 
such as Fe, Co, Mn, Mo, and Zn between pH levels of 2-6 contrast with the range of 
concentrations present between pH units 6  and 8 , where the levels of dissolved metals 
concentrations drop drastically, presumably due to their precipitation or adsorption onto Fe 
oxides and mixing with the more dilute and oxic surface water. Constituents without clear 
pH- dependent dissolved phase concentrations are Ca, Mg, Na, Sr, Ti, Cl, and N Q f-N , at 
least for the pH ranges encountered in this study.
Interestingly, the behavior of dissolved As differs from that of the metals. A t near 
neutral pH levels, As is observed to occur in solution (Figure 2 1 ), as reflected in the 
appearance of As in about half of the hyporheic zone water samples and in a few of the 
near-stream groundwater samples. As previously mentioned, dissolved As was not found 
above the detection limit of 0.07 mg/1 in any of the floodplain piezometers sampled by Shay 
[1997] nor in the surface water. Of the hyporheic zone samples with detectable As 
concentrations, 8 8 % had a pH between 6  and 7. What may be occurring is that the 
dissolved As captured in the samples had been in a chemical environment in which As is 
neither stable as associated with sulfides (as it is in reduced environments) nor with iron 
oxides (as it is in oxidized environments). The source for the As is likely the streambed 
sediments in the hyporheic zone, which were found to have average concentrations of 433 
ppm (stdev= 75) in the <63 pim size fraction. Still, the bead columns show a very close 
correlation of solid As and Fe in precipitation zones, which is what was expected based on 
reports by other researchers [ DeCarlo and Thomas, 1985; Rampe and Runnel Is, 1989; 
Smith et al., 1992; Moore, 1994]. On all of the bead columns with measurable levels of 
As, the concentration profiles along the columns exactly matched those of Fe. This 
indicates that the As sorbs with iron oxyhydroxides in the hyporheic zone, where 
conditions are oxic and neutral enough to foster the precipitation of iron oxyhydroxides and
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As. Thus, the water and bead samples captured two different phases of As existing in the
hyporheic zone.
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Figure 21: Concentrations [mg/l] o f elements versus pH  levels. Note log scale. The 
graphs include data from all the surface, ground, and hyporheic zone water samples, in 
addition to 12 groundwater samples collected by Shay (1997).
Surface water infiltration versus groundwater upwelling:
The low dissolved SO4 2', NC>3 "-N, and O2  concentrations and the high alkalinity 
levels in many of the hyporheic zone samples (Table 5) can be explained by microbial 
reduction. Sulfate reduction occurs in less oxic environments than does NO3 " reduction 
[Brock et al., 1994J, meaning that SO4 2' reduction will not occur before NO3 " reduction in 
an increasingly reducing environment. This may suggest that SO4 - ' reducing bacteria and
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NO3 - reducing bacteria inhabit the zones where surface water infiltrates the hyporheic zone 
and supplies SC>4 2‘, N 0 3‘, and O2  . The bacteria reduce the N 0 3‘ and subsequently the 
SO4 2- as well, where the conditions become increasingly more reducing with depth. In 
their study of the hyporheic zone of Little Lost Man Creek in California, Triska et al.
[1989] also attributed the non-conservative behavior on N 0 3~-N either to microbial uptake 
or dissimilatory reduction. The relatively high alkalinity levels associated with most of 
these samples can be attributed to the products of microbial respiration [Brock et al., 1994J. 
These patterns are helpful in distinguishing between zones of surface water infiltration 
versus groundwater upwelling. These samples with the low S0 4 2-, N O ^-N , and Cb 
concentrations are interpreted as having been taken from zones of surface water infiltration.
Precipitation patterns on some of the bead columns also aided in making the 
distinction between areas where surface water was infiltrating into the hyporheic zone 
versus where groundwater was upwelling. For example, bead columns with no 
precipitation zones (Columns IIA-1, IIA-2, IIB^2, and IIC-2 (Figure 22) exhibited a steady
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Figure 22: Concentration of metals coatings on bead column IIC-2, an example of surface 
water infiltration along the length o f the column. Metals whose concentrations are not 
shown were either below detection or did not exhibit any significant differences in 
concentrations along the length o f the column.
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decresing trend of metals concentrations with depth and were interpreted as having been in 
zones of surface water infiltration. The concentrations of metals along the subsurface 
portions of these bead columns decrease with depth presumably due to redox gradients and 
dropping pH levels in the substrate, which will increasingly drive metals to go into 
solution. The relatively small but detectable amounts of accumulation on the surface water 
portions of the bead columns are thought to be products of redox reactions precipitating 
metals in the oxic, neutral pH surface water. They also may be due to elevated metal algal 
coatings on the beads.
Metal concentration trends along bead columns IA-2, IB-1 (Figure 23), IC-3, IIIA- 
1, 1I1A-2,111A-3, and 111C-3 are interpreted as being indicators of groundwater infiltration 
into the stream. On these columns, Fe concentrations come to a maximum lower down 
(i.e. deeper in the substrate) on the bead column than do metals such as Cu, Mn, and Zn. 
These other metals were found to precipitate out higher on the bead column, closer to the 
surface water. As discussed earlier, this sequence follows redox patterns found by other 
researchers in which Fe precipitates out more readily in conditions less oxic and alkalinity 
than those required for the precipitation of metals such as Mn, Cu, and Zn. Such 
conditions can be met with a greater proportion of neutral pH and more oxic surface water, 
and it is thought that the proportion of surface water in the hyporheic zone grades upward 
towards the surface water boundary. Thus, this sequence of metal concentrations can be 
interpreted as having been formed as a result of groundwater recharging the surface water. 
(It is possible that more bead columns exhibited this sequence of metals precipitation, but 
the separation of beads columns into no less than 2  cm sections for purposes of analysis 
was not on a small enough scale to detect the possible trends.)
On some of the bead columns (IA-2, IB-1, IB-3, IC-3,111A-1,1IIB-3, and I1IC-3), 
Cu, Mn, and Zn have their maximum concentrations on the surface water portions of the 
bead columns. These concentrations are significantly higher than the typical concentrations
54







*r> o  «o ©
ug per g bead







o  o  o  oo o o
ug per g bead
Figure 23: Concentrations o f metals along the length o f bead column IB-1, 
an example o f groundwater upwelling along the length o f the column. Metals 
Al, Ca, not shown (Al, Ca, Ti) had no significant trends.
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of these metals found on most of the other surface water beads. This implies that the 
source for these metals must be in the upwelling groundwater and not in the surface water. 
It shows that these metals may stay in solution throughout their migration through the 
hyporheic zone and precipitate only once in the surface water.
The implication of these processes is that groundwater is upwelling into the creek in 
many areas, supplying dissolved As and metals to the stream sediments and water. Many 
of the metals appear to precipitate right at the surface water - substrate boundary, 
suggesting that the bed sediments are a sink for metals loading from the groundwater. 
Blowes et al. [ 1991] reported the presence of 1-5 cm thick "hardpans" at the depth of 
active oxidation of sulfide-rich tailings, and attributed their formation to the precipitation of 
iron hydroxide and oxyhydroxide minerals upon contact with porewater of increased pH. 
The thickness of these precipitation zones and processes of their formation are analogous to 
those found at the mixing zone at Silver Bow Creek. It is likely that hardpans do not form 
at Silver Bow Creek because the precipitation occurs on unstable creek sediments, which 
are continuously being transported downstream.
Spatial and tem poral controls on mixing:
As illustrated by the mixing ratios, there appear to exist highly variable distributions 
of the degree of mixing on both spatial and temporal scales. The small scale heterogeneity 
in the groundwater chemistry across the site is likely an important chemical control on the 
variability of the hyporheic zone chemistry. A major physical control in the extent of 
mixing is thought to be the general groundwater to surface water flow direction 
relationships at the sites. This is seen at Site II, where surface water and groundwater flow 
approximately parallel to each other, and the stream subsurface was more dominated by 
surface water than at either of the other two sites. Sites I and III, where perpendicular
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relationships between groundwater and surface water exist, showed much stronger 
groundwater signatures in the chemistry of the water collected from their banks.
More complex spatial variability is seen in that the concentration of groundwater in 
each hyporheic zone water sample usually did not decrease with increasing proximity to the 
creek at Sites I and II. This is in contrast with the findings of Triska et al. [1989J, who 
concluded that all well locations within 3.5 meters of the wetted channel at Little Lost Man 
Creek contained at least 80% stream water. An example of this variability is at sample site 
(1A-GW 3) below the center of the creek at Site I, which was found to consistently contain 
proportions of groundwater similar to or higher than those found in the east bank samples. 
The bead column which was set into the creek bottom a few centimeters away from the LA- 
3 water tube was found to have a large mixing zone as suggested by the thick and long (at 
least 30 cm) band of precipitation visible on the column. The solid and dissolved chemistry 
collected at this location show that zones of high groundwater concentrations are found 0 - 
30 cm under the creek channel and not exclusively in the banks or at deeper levels below 
the creek bed. The water sampling tubes in the center of the creek at the other 2 transects 
(IB- and IC- GW3) at the site were set in slightly coarser-grained sediments and had 
concentrations nearly identical to those in the surface water, and the mixing equation 
showed no groundwater component in these samples. In these places, the grain size is 
largest and the sediments least consolidated, allowing for a less obstructed infiltration of 
surface water. This exemplifies the amount of spatial variability found at the sites, as well 
as the importance that small scale physical heterogeneities in the streambed sediments can 
have in controlling the degree and depth of surface water - groundwater mixing. Such 
physical controls by streambed topography and sediment size have been credited by other 
researchers as controlling the extent of surface water - groundwater interaction as well 
[Bencala, 1984; Savant et al., 1987; Thiobodeaux and Boyle, 1987; Valettetal., 1990;
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Harvey and Bencala, 1993; White, 1993; Pusch, 1996; Henry et al., 1984; Vervier et a i, 
1992].
Physical factors may also complicate mixing within the banks. The sediments 
within the floodplain of Silver Bow Creek contain complex layers of variably sized grains 
due to the history of meandering and flooding of the creek. Thus, the mixing between 
surface water and groundwater within the banks of the creek is thought to take place in a 
series of complex settings which provide for variably sized and conductive flowpaths 
through which the waters can travel and mix. Evidence for this is seen in that a few of the 
bead columns exhibited two separate bands of precipitation (Figure 10) which are thought 
to be a product of the small scale interfingering of the chemically distinct surface and 
groundwaters. The importance of floodplain stratigraphy and permeability in controlling 
the spatial distribution of the hyporheic zone has been noted by other researchers as well 
[Stanford and Ward, 1993 f  For instance, Ward et al. [ 1994] contend that the abundance 
of invertebrates residing within the Flathead River floodplain is largely determined by site- 
specific geomorphic and hydrogeologic features, as opposed to mere distance from the 
river channel. Similarly, Triska et al. [1993] reported that distance from the channel 
accounted for only 40% of the variance in nominal travel time of a chloride tracer injected 
into Little Lost Man Creek in California. They credited the rest of the variance to the 
complex flowpaths caused by heterogeneous structure, size, and hydraulic conductivity of 
the floodplain sediments.
In some places, such small scale flowpaths appear to have a stronger control on the 
mixing zone than do the general groundwater and surface water flow direction 
relationships. This is seen in the downgradient west bank of Site I, where all the bead 
columns (IA-1 , IB-1 , and IC-1) emerged with zones of precipitation on them at the surface 
water - substrate boundary, despite physical and chemical evidence from the water 
suggesting that the creek is recharging this area. A reddish streak on the surface water
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portion of the bead column IC-1 was noted, and the precipitation sequence on IB-1 implies 
that groundwater-rich water is infiltrating the surface water. Thus, groundwater flow may 
be strongly controlled by small scale flowpaths that defy the larger-scale flow directions 
and water with large groundwater compositions may be entering the creek along some 
portions of the downgradient banks. This means that the surface water is not uniformly 
dominating the chemistry in the west bank hyporheic zone, which was found by Benner et 
al. [ 1995] to be comprised almost entirely of inflowing surface water up to about 1 m in 
depth. Instead, the mixing zone appears to vary in width on the scale of centimeters. In 
some areas it may be a lot smaller and shallower than previously thought, with 
groundwater located much closer to the creek than indicated in the previous study.
Temporal variability in the Silver Bow Creek hyporheic zone is irregular as well. 
The amount of groundwater in the shallow hyporheic zone generally did not decrease with 
respect to increasing flow volumes in the creek. For example, transect IA was sampled 
four times, during which the flow rate measured 1050, 1250, 2800 and 6100 l/s in the 
creek. The amount of groundwater in the hyporheic zone was different at each location 
during each flow event, (according to the mixing ratios) and the concentrations of non­
conservative elements changed as well. However, these changes did not form any 
particular patterns with the flow volume in the creek. The percent of groundwater 
calculated to be present at a rate of 6100 L/s was about 14%; at a rate of 2800 L/s, there 
was 58%; during a rate of 1250, there was 6 6 %, and finally, during rate of 1050 there was 
30% (Figure 18). This indicates that during high flow events, the hyporheic zone is not 
flushed out by the surface water, and mixing with groundwater continues. This is similar 
to the findings of Harvey et al. [1996], who found that hyporheic exchange occurred 
during both low and high base flow in St.Kevin Gulch, and in contrast to those of 
Legrand-Marcq and Laudelot [ 1985], who concluded that the influence of transient storage 
mechanisms are greatest during low flow. The hyporheic zone in Silver Bow Creek
59
appears to continue to play a significant and sometimes larger role in solute transport into 
the creek during high flows, at least along certain portions of the creek. This process can 
be explained by the close hydrologic connection between the groundwater and the creek. 
Shay [1997] reported that rises in the water table of the adjacent aquifer brings larger 
volumes of groundwater into contact with the tailings, and this process causes the upper 1 
m of groundwater to become significantly more contaminated with metals. This more 
highly contaminated and higher elevation groundwater is thought to continue to interact 
with the creek during the high flow events, causing the continued— and in places, more 
extensive— contamination of hyporheic zone.
G roundw ater im pacts on the surface water:
If dilution were the only control on the change in surface water chemistry with flow 
rate, the expected concentration change of conservative elements would be the same as the 
change in flow rate (a 7.5-fold change over the course of the study period). If the same 
sources and sinks were working on the system during all flow rate episodes in the creek, 
then no change in concentration would be observed. Transition metals (e.g. Fe, Cu, and 
Zn) generally do not have a well defined relationship with discharge, due to the various 
chemical, physical, and biological factors in the stream that may influence their 
concentrations at a given time (Forstner and Wittmann, 1979; Wetherbee and Kimball, 
1991.) However, conservative elements should not be impacted by chemical changes in 
the stream. Yet, the concentrations of conservative elements increased by 150% and 170% 
for Ca and Mg, respectively, when flow rate was only 13% of the highest flow measured 
(Table 7). This suggests that dilution is not the only control on the surface water 
chemistry during high flow events and that there exists a source which contributes to the 
changing chemistry with flow rate.
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Thus, this portion of Silver Bow Creek is not a losing reach, rather it was gaining 
dissolved Ca and Mg from some source, assumed to be the groundwater. Surface runoff 
was not observed on any surface water sampling dates, and thus it is assumed that direct 
floodplain runoff during the sampling period makes up only a small to insignificant portion 
of the source. Calculations of baseflow estimates, based on Ca and Mg concentrations, 
were made using the assumption that Ca and Mg behave conservatively and are of 
consistent concentrations in the groundwater within the entire site area and the upstream 
portions of the Silver Bow Creek system.
Estimates of the groundwater component (baseflow) in the surface water were made 
using the following mixing equation:
%GW=[LFJ-[HF1/|GW1-[HF1 * 100 
where
% GW= percent groundwater (baseflow) during low flow 
|LF | = concentration of conservative element in surface water during 
low flow, when highest concentration was found 
|HF|=concentration of conservative element in surface water during 
high flow, when lowest concentration was found 
|GW j= average concentration of conservative element in groundwater
(Ca = 175mg/l, Mg= 43 mg/l; Na = 65 mg/l; from Shay [ 19971)
As a conservative lower range estimate, the amount of Ca in the surface water high flow 
(35 mg/l ) is assumed to not be of groundwater origin at all; thus, the equation yields 16% 
as a low-end estimate for the percent of groundwater in the surface water during low flow. 
Using Mg, the same percentage is found. For the high-end estimate, it is assumed that all 
the Ca and Mg come from the groundwater alone, and thus |HF|=0. In this case, the 
estimated percent groundwater in the surface water is calculated to be 33% according to Ca, 
and 30% according to Mg. Na concentrations show slightly higher percentages of 
baseflow, with 23% for the low end estimate and 43% for the high end estimate.
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Due to the extent of contamination of the groundwater, this amount of loading into 
the surface water likely accounts for a significant amount of the contamination in the water 
and sediment of Silver Bow Creek.
CONCLUSIONS
The quality of water in the hyporheic zone is impacted by the groundwater to a 
significant extent in many portions of the study area at Silver Bow Creek. High 
concentrations of metals were present during both low and high flows in this shallow 
subsurface periphery of the streambed. According to conservative element mixing 
calculations, half of the hyporheic zone samples (<30 cm below the creek bed) were 
composed of at least 20% groundwater. Many of the metals remained in their dissolved 
phases throughout the hyporheic zone and precipitated only once in the surface water or 
just a few centimeters below. The precipitation reactions appeared to be most strongly 
controlled by changes in pH. In some cases, Fe and associated elements were found to 
precipitate out deeper in the substrate than other more mobile metals such as Cu, Mn, and 
Zn, suggesting that groundwater is moving into the more neutral and oxic creek.
The heterogeneity of the subsurface water chemistry and the differences in 
precipitation on the beads illustrate the need for very detailed sampling in order to capture 
the small-scale flowpaths which appear to regulate the nature and magnitude of surface 
water and groundwater mixing. Sampling of a small area during a limited time cannot be 
used to adequately represent the entire system. Variations in local groundwater metal 
concentrations need to be considered as well as the physical controls on the extent of 
mixing between the surface water and the groundwater. In some locations, groundwater 
appears to infiltrate the creek even from downgradient locations. This indicates that small 
scale flowpaths on the scale of centimeters may have stronger controls on groundwater 
interaction with the hyporheic zone and surface water despite the larger scale flow paths in 
the adjacent alluvial aquifer.
Thus, the mixing of the groundwater with the surface water takes place in a series 
of complex physical settings which create a chemically heterogeneous hyporheic zone
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underlying and lateral to the creek bed. The product of the interaction is a transfer of metals 
into various depths of the hyporheic zone and into the stream channel, primarily into the 
solid phase. This precipitation of groundwater-borne metals onto stream and hyporheic 
zone sediments appears to be a constant source of pollution to the creek and must be 
recognized in remediation designs. In addition, the geochemical environment in the 
hyporheic zone creates a area in which As was found to be present in solution, although it 
is not found in solution in either the surface water or groundwater. Therefore, the 
hyporheic zone is a spatially and temporally heterogeneous, geochemically distinct 
environment in which metals and arsenic undergo chemical transformations which 
significantly control contaminant cycling between surface water and groundwater in the 
Silver Bow Creek hydrologic system.
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Water levels at each site (Piezometers and staff gauges)
SITE 1 (measurements in meters above sea level)
DATE Top of casing 5 9 95 5'15 95 522/95 5/30/95 6/12/95 6/20/95 6/23/95 6/28/95 7/6/95 7/1295
P-44 (E bank) 1602.952 1602.038 1602.075 1601.986 1601.895 1602.151 1602.038 1602.007 1601.953 1602.050
Staff Gauge 1 1603.083
P-38 (W bank) 1602.587 1601.916 1601 998 1601.895 1601.806 1602.081 1601,947 1601.916 1601.855 1601.767
Us in creek 5437 5465 5295 4701 8297 6088 5295 4842 2888 5465
P38inSBC
DATE 7'19/95 8 15/95 824/95 8/27/95 8 31/95 9/27/95 10; 1/95 10 20/95 11,3/95 11 4'95
P-44 1601.910 1601.669 1601.709 1601.697
Staff Gauge 1 1601.901 1601.663 1601.663 1601.657 1601 642 1601.666 1601.706 1601.706 1601.703 1601.383
P-38 1601.843 1601.617 1601.593 1601.581 1601.569 1601.596 1601.611 1601.587 1601.581
Lis in creek 2803 1218 1048 793 1246 2577 2747 2605 ■ 2662
SITE II
DATE Top of casing 7/6/95 7/12/95 8/15/95 8/24/95 8/31/95 9/4/95 10'20/95 11/3/95 11/4/95
D-18 (S bank) 1603.278 1602.815 1602.980 1602.657 1602.654 1602.635 1602.687 1602.678 1602.675
Staff Gauge 8 1603.617 1602.675 1602.660 1602.648 1602.648 1602.699 1602.687 1602.702
D-19 (N bank) 1603.778 1602.882 1602 666 1602.718 1602.693 1602.693
IJs in creek 2888 5465 1218 1048 793 793 2747 2605 2662
SITE III
DATE Top of casing 7/11/95 7/12/95 8 15/95 8/24/95 8/2895 8/31/95 10/20/95 11/3/95 11/4/95
D-30 (W  bank) 1604.269 1603.714 1603.708 1603.397 1603.388 1603.379 1603.379 1603.440 1603.419 1603.422
Staff gauge 10 1604.391 1603.385 1603.361 1603.355 1603.355 1603.413 1603.397 1603.391
D-31 (E bank) 1604,357 1603.742 1603.400 1603.397 1603.388 1603.452 1603.437 1603.431
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ICAPES data from water sample analysis o n !>/25/95
Sample Sample Analysis Analysis
Name Date Date Time Al As C’a Cd Co Cr Cu Fe Mg Mn Mo Na Ni P Pb Si Sr Ti Zn
USGS TI07 9/25/95 1339 025 -0.003 124 0.0168 0012 0.0052 0.0321 0.07 2.13 0.0506 0.0137 23.8 O.Q3 0.02 0.025 4.04 0.0619 -0.002 0.087
BLANK 9/25/95 13:44 003 -0.018 0.005 0.0006 -0.001 -091 -0.0024 0.008 -0.014 -0.0002 -0.001 -0.023 -0003 0.02 0 0 -4.00E-04 -0.003 0.0024
USGS T 107 9/25/95 13:47 025 -0.004 12.3 00164 0.0127 0.0068 00303 0.06 2.11 0.0492 0.0131 23.3 0.033 0.04 0022 3.98 0.0607 -0002 00832
HELD BLANK 1 8/31/95 9/25/95 13:56 003 -0.022 0013 00008 -0.0002 0.0139 -0.0017 0.044 -0.033 0.0009 -00039 0.031 -0.001 0.04 -0.003 0.008 -4.00E-04 -0.003 0.0281
8-IIA-SWI 8/31/95 9/25/95 13:59 O il -0.006 54.4 00026 0.0009 -0.0022 0.1669 0.409 12 1 184 00012 28.3 -0.001 0.15 -0.015 12.9 0.306 0003 0.7471
8-I1A-SW11 8-31/95 9/2595 14:02 097 -0.008 54 1 0003 -0.001__ -0.0013 0.1526 0.163 11.9 1.073 0.0023 281 0.001 0.13 -0.006 12.7 0.3037 -0.002 0.6191
8-IIA-SWI11 8 31/95 9/2595 14:05 0.07 0 53.4 00021 0.0007 -00022 0.139 . 0168 118 1.069 0.0017 28.1 0.005 012 -0.009 126 0.3025 -0.002 0.5414
8 11H-SW1 9/4/95 9/2595 1408 0.05 0004 54 1 0.0029 -0.0012 -0.002 01516 0.072 12 1041 0.0016 283 -0.001 0.14 -0.027 12.8 0.3114 -0002 0.455
8-I1D SWU 9/4/95 9/2595 14:10 096 -0.009 53.6 00028 -00002 0.0001 0.1313 0.15 118 1.067 00023 27.8 0.002 0.17 -0.003 128 0.3064 -0001 0.681
8-IIB-SWIII 9/4/95 9/2595 14:13 095 0.005 53.7 00027 0.0003 -00015 01195 0.164 11.9 1063 0003 27.8 -0.001 0.14 -0.009 12.8 03098 -0.002 05443
8-I1A SW111(2) 8/31/95 9/2595 14:16 0.06 -0.006 53.9 0 0015 0 -0.0019 01 0114 11.9 1.077 -00007 285 -0002 0.14 -0.013 12.6 03058 -0.002 03782
8-111C-SW1 831/95 9/2595 14:19 0.06 -0.008 52 0.0041 0.0003 0.0002 0.1732 0.19 11.4 1108 0.0026 274 0 0.17 -0.017 12.3 0.2898 -0002 1134
8-I1IC-SWU 831/95 9/2595 14:24 0.05 -0.009 52.9 0.0036 -0.0003 -0.0024 01773 0.183 11.6 1.126 0.0022 28.2 0 0.12 -0.002 12 6 0.2965 -0 003 1.109
8-1UC-SWI O IK 9/2595 14:27 0.07 0.015 53 1 0.0039 0.0009 0.0007 0177 0194 11.6 1132 0.0003 28 -0002 0 16 -0.017 12.5 0.2956 -0.002 1156
8-IIB-SWI DUP 9/2595 14:30 005 0.004 536 00027 0.0002 -0.002 0.1523 0.071 118 1.033 0.0037 282 0.001 0.13 0 12.8 0.3089 -0.002 0.4519
USGS TI07 9/2595 14:32 0.24 -0.003 12 0.0162 0 0113 0.0063 0.0272 0.052 2.03 0.0486 00116 229 0.032 0.06 0.008 3.9 0.0594 -0002 0.0817
II1C-SWI11 8/31/95 9/2595 14:36 0.05 0.004 52.1 0.0033 0 0001 0.1662 0.149 113 1.101 00011 27.3 0 0.18 -0.007 12.3 02887 -0002 1044
U1C-SWI DIJP 831/95 9/2595 14:39 096 -0.013 52 0.003 0.0002 -0.0009 01746 0.189 11.4 1.112 0.0028 27.7 0002 0.17 0.008 12.4 0.2905 -0002 1.138
1UC-SWII DIJP 8/31/95 9/2595 14:42 0.07 -0.005 533 0.0042 0.0007 0.0011 0.1777 0184 11.5 1.132 0.0034 27.9 0003 0.18 0.005 126 0.2952 -0.002 1.114
11A-GW2 8/31/95 9/2595 14:45 0.06 0.214 76.6 0.0004 00015 0.0204 00153 21.5 105 , 7.788 0.0356 26.8 0.002 0.28 0.004 20.3 0.4504 -0.001 0.1661
8-11A-GW3 8/31/95 9/2595 14:47 005 0.015 48.4 0.0003 -0.0012 -0.0061 00439 0999 10.7 0.9367 0.0046 27.5 0.001 0.16 -0001 13 0.2841 -0.002 0.3736
8-11A-GW4 831/95 9/2595 14:5) 0.06 0136 612 -4E-04 0.0019 0.0214 0.007 46.3 11.3 6.033 0.067 27 0.002 1.2 0.008 18.5 0.4374 01156
8-IIB-GW3 9/4/95 9/2595 14:53 006 0 52.9 0.0021 0.0003 -0.0018 0.1136 0.15 11.7 0.7139 0.0017 28 0.001 0.17 -0.004 127 0.3004 -0.002 0.567
8-11B-GW1 9/4/95 9/2595 14:56 0 05 0.014 54.6 0.003 -0.0002 -0.0031 01171 0.17 12 1.057 0.0019 287 0.001 0.16 -0.014 12.8 03142 -0.002 1.078
8-1IB-GW2 9/4/95 9/2595 14:59 1099 0.724 54.5 -3E-04 0.0019 0.0099 0039 15.3 117 3.954 0.0297 27.7 0.002 0.16 0.001 12.4 0.3628 0.002 0.4714
8-1ID GW4 9/4/95 9/25/95 15:02 005 006 68.6 -IE-04 0.0005 0.0197 0.0063 37.9 13 8 5 888 0.0546 33.2 0.003 031 0.001 16.2 0.4894 0.243
8-1IA-GW3 831/95 9/2595 15:04 006 0.019 48.6 0.0001 0 -0-0542 0.5446 1 10.7 0.9408 0.0025 27.6 -0:002 017 0.017 13 1 0.2841 -0.002 0.3754
8-I1C-GW3 9/4/95 9/2595 15:07 0.18 0.005 54.3 0.0542 0.0015 0.0021 0.2212 0.565 11.9 0.944 0.0029 28.4 0.001 0.25 -0.004 133 0.3102 0.004 1.235
8-11C-GW4 9/4/95 9/2595 15:10 0 05 0.061 53 -5E-04 0.0003 0.0547 0.0125 3.63 11.7 3.157 0.009 29 0.001 0.98 -0.009 139 03034 -0.002 0.0642
8-IIIC-GW3 8/31/95 9/2595 15:13 0 I2 -0.012 104 00089 0.0355 0.0214 0.1996 16.6 24 6.738 0.0248 56.1 0.022 0.15 0.001 15.3 0.8486 -0002 13.74
8-IIA-SWI DUP 831/95 9/2595 15:16 0.12 -0.015 54 0.0035 0 0.003 0.1658 0.401 11.7 1 099 0.0025 27.9 0 0 18 -0.013 128 0.3005 0.004 0.7452
8-IIA-SWI DUP 831/95 9/2595 15:18 0.11 0.009 53.2 0.0037 0.0007 0.0023 0.1641 0395 11.5 L084 0.0012 27.6 0 0.18 -0.019 12.6 02968 0.004 0.7352
8411C-GW4 8/31/95 9/2595 15:21 008 0.242 648 0001 00103 0.0268 0.0425 228 14.5 10.15 00463 31.5 0.004 0.26 0 14.7 0.4184 0.4874
84IIC-GW5 8 31/95 9/2595 15:24 0.05 0.392 63.6 -4E-04 0023 0.0545 0.0118 381 12.1 18.8 0.0634 32.5 0.002 0.12 -0.014 206 038 n * m t 1.75
K-1UC-GW2 8/31/95 9/2595 15:27 0.07 0.459 154 0.0006 0.0046 0.0764 0.0111 89.9 40.4 20.14 0.1353 130 0 1.9 0.021 26.2 1.217 5E-04 00929
8-11CGW2 9/4/95 9/2595 15:30 2.6 0.32 76 0.0029 00033 0.0366 1.035 68.4 14.3 9.626 0.096 325 0.002 0.74 0.462 19.4 0.6133 0.119 0.8309
8-IIA-SWI DUP 831/95 9/2595 15:37 0.12 0.006 535 0.0037 0.0009 -0 0019 0.1665 0.406 11.7 1.092 00021 28.2 0.001 0.16 -0.003 127 0.301 0.004 0.742
USGS T107 9/2595 15:40 0.25 -0.002 12.2 00166 00118 0.0057 0.0272 0.056 2.05 0.5497 0.0118 23.4 0.033 0.12 0.005 3.98 00601 -0002 00833




June/July 1995 Laboratory duplicates (water samples); Calculations worksheet
Lab Dupl Lab Dupl. Lab Dupl Lab Dupl. Lab (Xipl Lab Dupl. la b  Dupl.
Sample Name IIA-SWI IIA-SWI » c n a UA-8WII IIA-SW1I % c t i a IIIA-aW 4 IIIA-GW4 « C H O IB-8 W ill 1B-SW11I » C H G IA-GWS IA-GWS *C H G IA-SWII IA-SWII »C 1IQ IA-SWII IA-SWII 96C11G
Sample Date 116195 7/6/95 7/6/95 7/6/95
Analytic Date 7/23/95 7/23/95 7/24/95 7/24/95 7/24/95 7/24/95 7/24/95 7/24/95 7/24/95 7/24/95 7/24/95 7/24/95 7/24/95 7/24/95
Analyds Time 16:14 16 23 19:17 19:34 17:20 14:21 14:26 17:52 19:37 1430 15:19 16:09 16 53
A1 BDL BDL BDL 0 065 0091 BDL 0327 0 276 16915 008 0069 14765 206 199 3.457 0 059 0.063 BDL 0 073 0079 BDL
Al BIX. BDL BDL 0015 0009 BDL 0 26 0259 0385 0028 0013 BDL 0112 0097 14354 0011 0016 BDL 0014 0007 BDL
Ca 429 42 5 0.937 41 9 41 8 0.2J9 154 158 2.564 45 1 45.4 0663 853 844 1 061 45 45 9 1 980 464 466 0430
Cd BIX. BDL BDL 0 0019 00026 BDL 0001 0001 BDL 00025 00026 BDL 00076 00076 BDL 00026 00028 BDL 0.0024 0 0027 BIX.
Co BDL BDL BDL 00007 0 BDL 00045 00053 BDL 00021 00006 BDL 00548 00548 0 00001 0001 BIX. 00004 0001 BDL
C m 00905 0 0898 0776 0 1124 01117 0625 0 1377 01356 1 537 01243 01433 14 200 00042 0 0042 BDL 0 1299 0 1313 1072 0 1342 0 1363 1 553
Fe 0 26 0 255 1942 0223 0234 4814 117 121 3 361 0 276 0299 8 125 124 0803 0 163 0 173 5952 0 172 0 172 0
904 9 01 0 332 8 71 8 12 7 011 363 379 4 313 966 972 0619 23 1 223 3 524 966 966 0 968 96 0 830
Mil 06746 0 6696 0744 0 6547 0 6566 0290 1504 15 39 2 300 08058 08665 7259 2107 20 89 0858 0 8158 0 8352 2350 0 8438 0 85 0 732
Mo BDL BDL BDL 0007 00042 BDL 0 1742 01823 4 544 0007 0.0074 BDL 0.1764 0.1743 1 198 00049 00064 BDL 00072 00061 BDL
.Na 19 1 19 0  525 19 192 1047 81 5 827 1 462 203 209 2913 651 615 0926 20.7 21 1 439 21 5 21 5 0
•N1 BIX. BDL BDL 0 -0 003 BDL 0007 0004 BDL 0 0003 BDL 0 062 0 062 0 0 001 0002 BDL 0002 0 004 HDI.
Pb BDL BDL BDL 0 002 0005 BDL 0064 0074 BDL 0014 - 0017 BDL 0055 0035 BDL 0012 0015 BIX. 0.008 0013 BIX.
SI 1 27 1 26 0791 1 24 1 21 2.449 236 241 2 096 1 35 137 1471 4 4 4 32 1 835 1 35 137 1 471 1 38 1 38 0
S r 0 229 0 2284 0262 0 2264 02211 2369 1 381 1431 3 556 02493 02498 0200 0 3891 03823 1763 0 2489 0 2528 1 555 02558 0 2551 0274
Tl BDL BDL BDL 0001 00013 BDL 00156 0 0125 22064 0002 0.002 BDL 00012 00016 BDL 0 0013 0002 BDL 0001 0 0013 BDL
Zn 0.4606 0 4587 0413 062 06042 2 581 0228 0 2315 1-523 06629 08374 23 262 269 26 34 2104 07249 07358 1492 0 7418 07403 0202
Lab Dupl. Lab Dupl Lab Dupl. Lab Dupl Lab Dupl Lab Dupl. Lab Dupl. Lab Dupl. la b  Dupl.
Sample Name IA-SWII IA-SWII « C IIG IA-SWII IA-SWII % c u a IA-SWII IA-SWII * c i i g IA-8W1 1A-SWI IA-SWI »C H G •fcCIIO IIIB-OW1 I1IB-GWI %CIIG IUB-SWI IUB-SWI % r n o
Sample Date
Analyds Date 7/24/95 7/24/95 7/24 95 7/24/95 7/24/95 7/24/95 7/24/95 7/23/95 7/23/95 7/24/95 7/24/95 7/24/95 7/23/95
Analyda Time 16 09 16:53 17:40 18:24 1905 19:40 19:14 17:10 16:17 19.23 15:27 1929 16:55
Al 0073 0079 BDL 0084 0084 0 0091 0088 3352 0081 0052 0.042 BDL BDL 013 0.107 19.409 0106 0057 1301.
Al 0014 0 007 BDL 0 011 0016 BDL 0011 0007 BDL 0006 0 02 0016 BDL BDL 0 228 0 229 0438 0018 0008 BDL
Co 464 466 0430 451 45 2 0 221 457 4 54 0 659 464 467 463 0860 0216 174 173 0 576 45 455 1 105
Cd 00024 0 0027 BDL 0003 0 003 BDL 0 0026 0 0027 BDL 0 0027 0.0032 00036 BDL BDL 00002 00009 BDL 00029 0 0031 BDL
Co 0 0004 0001 BDL 00004 0.0007 BDL 00001 00013 BDL 0 00008 0.0009 BDL BDL 00061 0 0052 BIX. 0 00003 BIX.
Cu 0 1342 0 1363 1.553 0 1306 01313 0535 0 1335 0 1313 1 662 0 1261 01322 01309 0988 3 735 0006 00049 BDL 0 1177 0 1233 4 64?
Ke 0 172 0 172 0 0 169 0 177 4624 0186 0 187 0 536 0 201 0193 0195 1 031 3 030 US 112 2.643 0312 0 3 3 922
Mg 968 9 6 0830 9 22 912 1091 9 19 907 1 314 931 101 101 0 8.140 42 1 441 4640 904 988 8 879
Mn 0 8438 0 85 0732 0 8221 08235 0170 08346 08308 0456 08237 0.8324 08184 1 696 0646 9415 9 334 0864 08348 0842K 0 954
Mo 00072 00061 BDL 0 0057 0 0059 BDL 00056 0 0034 BDL 00053 00058 00067 BDL BDL 0 1713 0 1672 2422 0 0059 00079 BDL
Na 21 5 21 5 0 209 21 0 477 21 3 21 1 0943 214 21 4 21.1 1 412 1 412 159 155 2 548 20 1 204 1 481
N1 0 002 0004 BDL 0001 0004 BDL 0003 0 003 BDL 0003 0004 0001 BDL BDL 0003 0 004 BIX. 0001 0 007 DDL
Pb 0 008 0 013 BDL 0 003 0002 BDL 0004 0004 BDL -0004 0004 0012 BDL BDL 0023 0018 BDL 0007 ■0009 HDI.
SI 1 38 1 38 0 1 33 I 33 0 1 34 1 33 0 749 1 36 1 43 1-41 1 408 3 610 222 2 25 1342 1 36 143 5018
Sr 0 2558 0 2551 0 274 0 2457 0 2456 0041 02481 0 2453 1 135 02518 0259 02554 1 400 1420 1 26 1 271 0869 0 2467 0 2564 3 856
Tl 0001 00013 BDL 00016 00016 BDL 00013 0002 BDL 0002 -0.001 -0.0008 BDL BD1. 00095 00097 2083 00044 00008 BDL
Zn 07418 0 7403 0202 07161 07145 0224 07214 07144 0.975 ' 07128 0.7409 07346 0854 3012 01914 0 1942 1 452 06469 0 6757 4 36
Auĵ Septl995 Laboratory duplicates (water samples): Calculations worksheet
Sampia N im  
SaspftaDaU 
Am I ^ i  Data 
A a i M T l a i
1A-SW]
9/J7/95










U b  Dapl. 
IIB-SW1 
9/4/95
* c h <; IIIC-SWl
8/31.93
U b  IXpl. 
II1C-SW1
8/31'95
«C H G UIC-9W1I
8/31/93
U bD ap l
























U b  DupL
IA-9W1
874/95




Al 0 022 0014 BDL 0 018 0 021 BDL 0 05 0 054 BDL 0 057 007 BDL 0 053 0.065 BDL 0.053 0.061 BDL 0115 on 4 444 0 029 0 027 BDL 0 022 0019 BDL
As 0006 0 008 BDL 001 *003 BDL 0004 0 004 BDL 0008 0015 BDL 0 009 •0005 BDL 0015 0-019 BDL 0015 0 009 BDL ooos 0007 BDL 0006 0009 BDl.
C t r . 3 36 9 0.701 369 365 0705 341 336 0 929 52 53 1 2 093 52 9 533 0753 484 486 0412 51 532 1493 538 S7 2 128 55 543 1 281
Cd 0 0034 0 0045 BDL 0 00)9 0.004 BDL 0 0029 0 0027 BDL 0 0041 00039 BDL 0.0036 00042 BDL 00003 00001 BDL 000)5 0 0037 BDL 00024 00023 BDL 0 0025 00025 BDL
Co 00007 -0.0022 BDL OOOQl •  oar: BDL 00012 0 0002 BDL 0 001)3 0 0009 BDL 00009 0.0007 BDL 0.0012 0 BDL 0 00007 BDL 0 0002 0 BDL 0003 0 0003 BDl.
Co 0 1788 0 1715 0 168 0 1879 o 1892 0 689 01516 0 1323 0 461 0 1732 0 177 2 170 0 1773 0.1777 0 225 00439 00446 1582 0 1658 0 1641 1031 0 1616 0 1657 2 503 0.1606 0 1576 1886
Fa 0047 0051 1 163 0 131 0 153 1 316 0 072 0.071 1399 0 19 0 194 2083 0 183 0 184 0 545 0 999 1 0 100 0401 0 395 1508 01 0103 2956 O il 0 103 6 373
M f 12 6 12 5 0 797 125 126 0 797 12 118 1681 11 4 11 6 1739 116 115 0866 107 107 0 11.7 115 1724 125 127 1 587 12.4 12 2 1 626
A k 1 326 1 318 0605 1324 1319 0378 1 041 1 033 0771 1 IflB 1 132 2 143 1 126 1 132 0531 0 9367 09408 0 437 1099 1084 1374 1 141 1 164 1996 1 118 1 102 1441
Mo 0 0054 OOOTJ BDL 0 0058 00063 BDL 0 0016 0.0037 BDL 0 0026 0.0003 BDL 0 0022 00034 BDL 0 0046 00025 BDL 00023 0 0012 BDL 0 0053 0 006 %BDL 00047 00056 BDL
Na 29 1 29 1 0 28 9 294 1713 283 282 0354 27 4 28 2 166 282 r 9 1070 27.5 27.6 0 363 27 9 276 1081 26 26 5 1.905 25.7 23 5 0 781
Nl 0002 0 002 B1X- 0 0003 BDL 0001 0001 BDL 0 4)002 BDL 0 0003 BDl. 0001 •0.002 BDL 0 0 BDL 0 003 0 001 BIX. onoi 0 002 BIX.
1% 0004 0016 BDL 0 0 |9 *01 BDL 0 027 0 BDL 0017 0 017 BDL 0002 0 005 BDL 11001 0017 BIX. 0 013 ■0 019 BDL 0 005 0018 BDl. 0 015 0 U It) 1)1)1.
SI 156 154 1290 15 5 13 4 0.647 128 128 0 123 12 3 1613 126 12-6 0 13 13 1 0 766 128 12 6 1575 127 129 1 5*) 1 26 1 24 1 6
Sr 0 3303 0 3291 0 273 0 329 0 3304 0 425 03114 03089 0 806 0 2898 0 2956 1982 0 2963 0.2932 0 0 9 02841 02841 0 0 3005 0.2968 1 239 0 3032 03106 2411 03 0 2962 1 275
Tl 00039 0 0035 BDL 0 0033 00035 BDL 0002 0002 BDL 0 002 0.002 BDl. o.oai 0 002 BDL 4)002 -0 002 BDL 0 0013 00043 BDL ooou ooou BDL ooou 0 0018 BDl.
7m 1 203 l 184 1 592 1 308 1 293 1.153 0 455 04319 0 684 1 1)4 1 156 1921 1109 1 114 0.450 0.37J6 0)754 0481 07452 07352 1351 0 7957 08162 2.544 0 7919 0786 0 748
Compilation of all laboratory duplicates (water samples)
JirN /JU L» 
% c n o  a n u s * c i k : e  a m * c n o %CIK* T-C1K7 « a i G %CIK3 % O K l %CttG %CHG
l A u a a m s











Al 1692 14 77 346 7.89 0 00 3 35 1941 444 88 73 16 0 8 0 9 106
As 0.39 1433 044 5 1 80 13 1 3 27 103
Ca 094 0 24 2-56 0 66 106 198 043 0.22 066 0.86 0 22 0 58 1 10 0.70 0 7 | 093 2.09 075 041 1 49 2 13 1 28 10 07 17 22 0 0 1-1
Cd 0
Co 000 00 1 0 0 0.0
Co 0 70 0 62 1 54 14 20 1 07 135 0 33 1 66 099 3 74 4 63 017 0 69 046 2.17 0 23 1 58 1 03 251 189 2 1 J 1 52 20 0 2 24
Fa 1 94 481 336 8 00 0 80 595 000 4 62 054 1 03 3 03 264 3 92 8.16 132 140 208 0.54 0 10 151 296 *57 3 0 2 5 54 22 0 1 3-2
M« 0 33 701 431 0 62 3 52 000 O O 1 09 131 000 8 14 464 181 080 080 168 174 o r 000 172 1 59 1 63 23 26 50 22 0 1 26
\k 074 029 2 JO 7 26 086 235 073 017 046 1.70 0 65 086 0 95 0 61 038 0.77 2 14 0 53 044 137 200 1 44 13 15 28 22 0 1 15
Mo 4 54 1 20 242 27 17 4 4 3 06 3-8
Na 0 52 105 1 46 2 91 0 93 1 44 ooo 048 094 1 41 1 41 2 55 148 000 1.72 035 2.17 1 07 0 36 1 08 1 90 078 12 08 20 22 OO 13
Nl 000 00 1 0 0 0.0
n> 0
si 0 79 2 45 2 10 147 183 147 000 0.00 0 75 1 41 361 134 502 1.29 0 63 0 00 1-61 000 077 1 57 1 56 I 60 1 4 1 2 26 22 0 1 15
Sr 0 26 237 356 0 20 176 155 027 0.04 1 13 140 1.42 or 386 0.27 042 0.81 1 98 0.44 0.00 124 2 41 i.r 13 1 1 23 22 0 0 1-3
n 22.06 208 12 1 14 1 26 2 2 7 1 25.9




June/July 1995 Field duplicates (water samples): Calculations worksheet
S ta p le  Nam* 
Sam ple Date 
A nal)ab  Dote 
A e a h i i  Time


















U b  Dupl. 






























* C H O
Al 0038 0 026 3750 BDL 0.061 0052 0 042 0 0583 -0.051 1341 BDL 00726 0 058 22 63 BDL 0067 0.063 6 15 DL
Al 0 1 3 0 108 1849 0 006 002 0016 0014 0022 44 44 BDL 00128 0015 1583 BDL 004 0 039 2 53 BDL
Ca 44 8 41 8 693 4 64 46 7 463 46467 46.4 0.14 4564 45 7 0.13 42 6 43 1 117
Cd 0 0023 0 200 BDl. 00027 0.0032 0 0036 0 0032 00034 711 BDL 000281 0 003 654 BDL 00042 00051 1935 BDL
Co 00025 00012 7027 BDL 0 0 0008 00009 00006 00009 45 45 BDL 0 00067 0 0006 3628 57 BDL 0 0018 0001 57 14 BDL
C t 00059 0 0015 119 BDL 0 1261 0 1322 0 1309 01297 01262 2 76 013301 0 1352 1 63 0 1335 0 1454 8 53
F« 29 2 54 13 24 0 201 0 193 0 195 01963 0145 30 08 0 1805 0 245 30 32 0 741 0663 11 II
M | 8 8 8 09 641 931 10 1 10 1 98367 10 1 26 4 9487 9 88 4 06 848 824 2 87
M a 4 206 3966 58 7 0 8237 08324 08144 0 8246 08257 011 0 83076 0 8235 0 88 0 9934 0 9379 5 75
M o 0 0472 0 042 11 66 0 0053 00058 0 0067 00059 00056 5 78 BDL 0 00577 0 0058 052 BDL 0 0072 0004 5714 BDL
Na 186 18 3 28 214 21.4 21 1 21 3 2 1 6 140 2108 2 08 1 34 19.1 194 1 56
Ni 0003 0 003 00 0 BDL 0003 0004 0001 0002 0006 100 00 BDL 00027 0 200.00 BDL 0002 0 001 600 00 BDL
Pb 0009 0003 too BDL 0004 -0 004 0012 -0 007 0 0 1 -4000 BDL 0  0031 0003 1220000 BDL 0017 0003 14000 BDL
SI 1 87 1 79 4 3 7 1 36 1 43 1 41 1 4 141 071 1357 1 36 1 66 1 26 1 24 1 60
Sr 0273 0 2449 1085 0 2516 0239 0 2554 02554 02598 1-71 0 25004 0 253 1 16 0 2233 02234 004
Ti 0 0014 00016 25 00 BDL 0 002 0001 00008 0000 •0 0026 210 53 BDL 0 00132 0 002 40 96 BDL 0 002 00012 50 00 BDL
Z a 0 0361 0 0415 834 0 7346 0 7346 07043 421 0 72945 0 7476 2.46 0 6734 1 069 20 14
D O . 14 2 6 66 67 77 6 2482
PH 6 73 682 1 33 7 58 758 000
C aad 0425 0 443 4 15 0402
Aik 164 228 32 65 144 176 20 00
a II 689 12264 4 8 0
NO 3 N 0 15 0335 76 29 DL 1098 1.136 3 40
P 0 4 P 0 0 295 200.00 BDL
5 0 4 19 179 30.548 45 73 72 702 72 688 0 02
Field Dupl Field Dupl
Sam ple Name IUA-GW2 |1 |A  GW 2(2)
OXu»
JJA SWJJI IIA4W IHC2) ftC H O niA-owi IIIA-GW J(2) * C H G IIIB O W 3 1 1 1 8 0 * 3 (2 ) « C H G
Sam ple Dale 7/10*5 7/10*5 7/6*5 7/6*5 7/10*6 7/10*6 7/11*5 7/11*5
Aaa!)sia Dote 7/24*5 7/24*5 7/24*3 7/24*5 7/24*5 7/24*5 7/24*5 7/24*5
A ia h ia  Time 16 50 069375 1440 !M 7 1537 1537
Al 0 143 0129 1029 0 057 0 055 357 BDL
As 0 0 9 0 097 7 49 0.012 0012 000 BDL
Ca 173 170 1 75 41 8 4 17 024
Cd 00009 0 0009 0 0 0 BDL 0 0021 00019 1000 BDL
C o 00557 0 0534 422 0 0004 00012 100 00 BDL
C a 0007 0 0077 9 52 BDL 0 1061 0 0913 1499
Fe 57 4 59 6 4 10 0 302 0 176 52 72
Ml 374 37 1.06 8 73 868 057
Ma 10 39 10 33 0 58 0 6946 0 6948 000
M o 00862 00923 6 63 0 0064 00056 13 33 BDL
Na 112 111 09 0 19 189 053
Ni 0026 0 023 12.24 0.002 0 001 66 67 BDL
Pb 0 003 0 024 155-36 BDL 0 009 0015 5000 BDL
Si 198 1 98 00 0 1 22 1 21 0.82
Sr 1 667 1 653 084 0 2244 02239 0 22
Ti 00021 0 0015 33 33 BDL 0.001 0001 0 00 BDL





ci 72 96 78 76 765 1389 11 95 1502
N 0 3  N BDL BDL 0262 0405 42 88
P C * I* BDL BDL
S 0 4 1136.25 1100 324 233 34 176 7 27 63
A
ppendix
Aug/Scpt 1995 Field duplicates (water samples: : Calcuations worksheet
S a a p l*  N u i  
S a a p k  D a k  
A a ^ e  fie Date
IR -G W I
8/2 "7(95 
8/30/96
1 icld Dupl 











% CHG IA 43W 3
8/24/95
8/30/96
Field D ip l 
IA 42W JO )
8/24/95
8/30/96









Field D ip l 
IIA -SW III(2)
8/31/95
% C H O M .XIag
11/3/95
Field Dupl 
M .X Ia f  (2)
11/3/95
% CH G
Al 2 5 1 54 47 525 0 0 2 8 00 2 3 BDL 104 96 3 7.688 2 3 8 0 0 7 0.062 BDL 0.006 0 0 1 5 BDL
Ai 0 088 0 112 24 0 0 BDL 0 0 0 5 0.014 BDL 0 0 6 9 0 -0006 BDL 0 001 0 0 1 6 BDL
C a 124 123 0 8 1 0 553 5 52 0181 I I I I I I 0 108 5 3 4 5 39 0 9 3 2 541 5 4 5 0 737
Cd 00186 0 0176 5 525 00032 00031 BDL 0 1165 0.1406 18748 BDL 00021 0 0015 BDL 00023 00027 BDL
C a 0 0 5 00529 5637 0 0006 00005 BDL 0 0452 00432 452 5 0  0526 0 0007 0 BDL 0 0002 00024 BDL
Cm 00101 0.0057 B D l. 0 1455 01798 21 088 2833 6 7 0 6 81.203 00141 0 1 3 9 01 32636 0 0 8 7 4 00867 0 8 0 4
F* 319 312 2 219 0 0 8 7 0 0 9 6 9 836 93 2 891 4 4 9 8 146 0 168 0 114 38  298 0 051 00 4 4 14737
37 3 7 6 1609 124 123 0 8 1 0 2 99 2 99 0 3 0 8 118 119 0 8 4 4 124 122 1 626
M a 26 7 6 27 21 1 668 1 117 1 163 4 0 3 5 2052 2023 1 423 21 3 7 1 069 i on 0 746 0863 0 8 7 ) 1 152
M a 04447 0  43 58 2 022 0 0 0 7 00068 BDl. 01296 0 1238 4 578 02036 0 0017 -7 00C 04 BDl. 00059 00061 BDL
Na 81 8 8 4 7 34 8 3 2 16 26 1 550 6 57 6 5 8 01 5 2 71 7 281 28 5 1 413 24 6 243 1 227
Nl 0 052 0 0 4 4 16667 00 0 4 0001 BDL 00 4 4 00 4 5 2.247 00 5 8 0 0 0 5 0 0 0 2 BDL 0001 6 0 0 ! BDL
Pb 0 0 5 7 0 041 32613 0 0 0 6 0 011 BDl. 03 6 7 0 3 7 0814 BDL -0 01)9 00 1 3 BDL 0 01 ■OWN BDl.
SI 3 62 3 6 6 1 099 1 26 1 26 0 33 3  25 1 527 4 9 126 126 0 138 13 7 0  727
Sr 04846 0 4837 0 186 0 3015 0 3 0 499 0 5127 0  543 0 055 046 3 0  3025 03058 1 085 0  28)5 0  284 0  176
Tl 00016 00019 BDL 00008 0 0011 BDL 00013 0 0 0 5 4 BDL BDL 0 0 0 2 0 0 0 2 BDl. 00035 0 0035 BDL
Im 9 933 1071 7 528 0 6584 1 41 196 1665 1712 2.784 27 1 7 0  5414 0 )7 8 2 35494 0 9635 08558 11840
PH 5 35 5 38 0  559 68 4 6 6 4 2967 4 4 5 4 3 9 1 357 3 98 4 09 2 726 8 16 8 1 9 0.367 7 7 2 7 7 2 0
D.O. 2 7 4 38806 7.3 7 4 196 17 21 21053 4 6 4 5  21 9 8 8 3 7 5 7 5 0
C aad . 1 95 1 94 0  514 04 8 9 0 4 9 2 0 6 1 2 1 36 1 35 0 7 3 8 1 79 1 6 3  9  357 0 5 0 4 0  511 1 379 0501 04 8 2 3 866
Alb. 36 36 0 0 0 0 192 148 25882 NA NA NA NA 124 128 3 175 172 152 12346
a 29 033 28816 0 7 5 0 16908 17.124 1 269 19501 19.697 1 000 22 1 7 175 17.8 1 700 1522 1528 0393
N 03-N BDL BDL BDL 1 673 1 615 3 528 BDL BDL BDL BDL 1 68 1 74 3 5 0 9 1 401 1469 473 9
POA-P 0  5 OSS 9 5 2 4 BDL BDL BDL BDL BDL BDL BDL
SOS 125703 127641 1 130 97.2 9 4 2 3 135 8201 8281 0971 723.02 102.7 1046 1 833 85 8 6 8 6 9 3 1 238
Compilation of all field duplicates (water samples) STA TISTIC S
JU N E/JU LY  1995
IfcCIIG tC H G %CHG %CHC. ■tCHG %CHG %CHG
|  AUG U ST/SEPTEM BER 1995 




I d a t a
95%  C O N F. 
I O F  MEAN
PH 1 3 0 5 5 9 1.357 2 7 2 6 '0 .367 1.2 12 8 I J
D.O. 66667 38806 21053 2198 BDL 187 21 5 7 2 2 9
C aad . 41 4 7 05 1 4 073 8 9 3 5 7 1 379 2 8 2 9 7 3 4
Aik. 32653 00 0 0 3 175 169 109 6 I 9 J
C l 7 646 15015 0  750 1000 1700 3 5 4 3 9 4 2
N O J-N 7 6  289 BDL 42 8 7 9 BDL BDL 3 509 162 2 6 0 6 21.9
P 0 4 -P 200 BDL BDL 9  524 BDL BDL 104 8 134 7 2 234.8
S 0 4 45726 3 242 27 627 1 530 0971 1833 7 7 136 10 9.7
Al BDl. BDL 6 1 5 4 10 294 BDL 4 7  525 7 6 8 8 BDL 179 198 4 27.6
Aa 18487 BDL BDL 7.487 BDL 24000 BDL BDL 167 8 4 3 2 2 2
C a 6 928 0 144 1 167 1 749 0 2 08 1 0 0.000 0 932 1 0 1 8 II I J
C d BDL BDL BDL BDL BDL 5525 18748 BDL 121 9 3 2 21J
C a BDl BDL BDL 4  22 BDL 5 637 4 5 2 5 BDL 4 8 0 7 3 S J
C a BDL 2761 85 3 4 BDL 14 995 BDL 81 209 32636 17 0 2 3 8 2 1 J
Fa 13.2)5 30078 I I  I I I 40 9 6 5172 1219 449 8 38298 190 140 II 21.1
M ( 8 4 26 4 2 28 7 108 05 7 4 1 609 0 0 0 0 0 8 4 4 2 2 2 2 II 2 J
M a 5 874 01 5 7 0 6 0 0 0 1 668 I4Z 3 0 7 4 6 2 0 2 0 II I J
M a 11.659 BDL BDL 6 83 BDL 20 2 2 4.578 BDL 6 3 4 1 4 I J
Na 3 3 14 0 1 558 0 9 0 0 528 3 483 01 5 2 1413 I S 0 9 II 1.6
Nl BDL BDL BDL 12245 BDL 16667 2 247 BDL 1 04 7 4 3 18 2
Pb BDL BDL BDL BDL BDL 32613 08 1 4 BDL 1 67 2 2 5 2 3 8 8
SI 4 372 0 712 1 6 0 0 8 1 099 1.527 0 0 0 0 I I I I I I I J
S r 10852 1 708 0 0 (5 O W 3 0  223 0 1 8 6 0.055 1085 1 3 2 8 I I 1.7
Tl BDL BDL BDL BDL BDL BDL BDL BDL CDIV/OI 4DIV/0I iD r v a i




Summary o f  mean .(+/- standard deviation) blank concentrations fo r  water 
and bead analyses  .
i p e m e n t l
# s s l | s »
" W a fe r ;l i e l d f [ B e a d  D ig e s t ]
i M t t i
P B M d:^D igpt1
m i s i f p
i l l ® ®
Al (<0.07) (<0.07) 32.13+/-29.4 (<0.07) (<0.07)
As (<0.07) (<0.07) (<0.07) (<0.07) (<0.07)
Ca (<0.1) (<0.1) 5.55+/-4.11 (<0.1) (<0.1)
Cd (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
Co (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
Cu (<0.01) (<0.01) (<0.01) (<0.01) (<0.01)
Fe (<0.03) (<0.03) 0.24+/-0.25 (<0.03) (<0.03)
Mg (<0.1) (<0.1) 1.32+/-0.94 (<0.1) (<0.1)
Mn (<0.005) (<0.005) 0.06+/-0.04 (<0.005) (<0.005)
Mo (<0.01) (<0.0 1) (<0.01) (<0.01) (<0.01)
N a (<0.1) (<0.1) 0.96+/-0.74 (<0.1) (<0.1)
N i (<0.02) (<0.02) (<0.02) (<0.02) (<0.02)
P (<0.2) (<0.2) (<0.2) (<0.2) (<0.2)
Pb (<0.1) (<0.1) (<0.1) (<0.1) (<0.1)
Si (<0.1) (<0.1) 6.47+/-3.93 (<0.1) (<0.1)
Sr (<0.005) (<0.005) 0.03+/-0.02 (<0.005) (<0.005)
Ti (<0.005) (<0.005) 0.09+/-0.06 (<0.005) (<0.005)
Zn 0.018+/-0.017 (<0.005) (<0.005) (<0.005) (<0.005)
rc= number of samples; numbers in parentheses are the detection limits of the 1CAPES.
Fe QA/QC: low vs. high concentrations 
% change
Cone, range btw. duplicates Cone, range
% change 
btw. duplicates
319-312 2.2 0.087-.096 9.8
93.2-89.1 4.5 0.168-0.114 38.3
29-25.4 4.1 0.051-0.044 14.7




avg 6.0 avg 26.6
std dev. 4.9 stdev 14.5
ft of data 4 # of data 7
std. error 1.2 std. error 2.1







T«r i*»a  mu
NQJ-N a  39 
904 461
Al aio
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Si 14 St 0 IBB 
Ti BDL
awi/2 CW2




















































































IV GWI/1 IV OWI IV owi ivawi IV 0W4 IV OWI
tHSb SHSL 7*17.0 9HS.1 7*1 09 7*1 4S
du to DA 14 do io aa j.« DO OS . DO S BOowL 0474 CtaoM 1040 cmmM. asst cmmm. a iso Co*M 1.41 ComM 0*67Aft Aft. Aft Aft Aft AftTrap. 13.4 TntF 117 Ttiop 111 Tm* n o Tntf. 103 Tmr lasa  IS a  SB a  is a  io a assNOS-N BDL MCH-N BOL ovn ass Naj-N 094 NQ3-N BDL nco-n an904 144 904 I9BCMB *04 471 904 111 904 73.0 9(M43C«01Al 0 14 Al BDL Al 00* Al 0.17 Al BDL Al 37Al BDL At 0 JO Al BDL AtBOL Ai 0.7 At BOLCM 41 C» 74 Cl 34 CM SI CM BS CM *3Ct 009 OMjpft Ct BDL CM 0(03 04 BDL . CM BDLCo BDL Co BDL CM BDL Co BOL CM 0044 CmOOSICt 0190 CM oat* CM 0113 CM 0*02 ClBDL CM 0045Ft J * Ft *9 Ik 040 Fill Fi 406*01 Ik 94M| Tj U* 14 M| 73 M* 11 M| 13 M| ISMo SIS Mm IS4 Mm 0447 Ml 4 A) Ml 394 Mi lOt tMo BDL Mo O il M» BOL j._ . . . . . . .  f Mo 0.014
a . . .  a ' '
Mm O B* Ma 0077
Noll Nt 14 Nl It Nl *4 this





























oa i 7 /19 /95
pH 7ft
. Da t
CM 0191 COM 0401
Aft l.7E*4B Aft I ftM
Tnp IU Imp IU
a  11 a  ii
NQJ-N Iftt NCB-N 1.14
*04 Til *04 TIT
Al BDL Al BDL
Al BOL Ai BOL
O 41 a  4«
Ct BOL Ol BOL
Ct BOL Cl BOL
Cl All* Cl All!
ft AM Fl AH
M«t.O M| At
MiOBll Mi 0484
Mo BOL Mi BOL
No 1| Nl 11
Nl BDL Ni BDL
ft BDL ft BOL
ft 14 ft 14
ft OUT ft 0113
11 BDL 




IV OWI IV OWI
•HAT pH 44
oa ii oa i i
OM ATM CM 0*10
Aft 14E*01 Aft 9 TE*4B
Trap. 119 Tap 147
a  M a  toNQJ-N Al NCD-N BOL
*04 JTA *04 104
Al BOL Al BDL
Al AN Al ON
Cl (A Cl M
Ct BOL 01 BDL
Cl BDL Cl BOL
Cl BOL Cl BOL
H 77 H 13
Mf 11 M| 19
Ml A17 Ml At
Mi All Ml O il
Nl 17 Hi JO
• Ni BOL Nl BOL
ft BOL ft BOL
ft M ft IB 1 Meter
— “ f jCWJ
IV OWI 
pHU
ba itOat 1 11 
Aft I I  VOS 
T o *  lif t
a  It
NQS-N All mufta 
Al 1 4  
Al BOL 
ci i as 
0 4  0.111 









a a  i i
Aft i<E+ait«^ iu 
a ii
























(M  I II 
Aft Tlft+a



















IV OWf IVOW4pH 40 pH ItDa IB Da MCM 1.9} OM 9.19Aft A Aft 0
Tap 143 tnp I4.Ba  14 Cl »NQJ-N BDL NCD-N BOLSO* I.1VA9 *04 mxtj
Al 11 Al 11V All Al BDLCl (9 Cl 140Ct BDL 04 0.149Cm 0 089 Cl 0.071Cl BDL Ct 194H IJV01 Fl |.IF«4BMp 11 Mg ITMl 11 1 Ml 17.0Ml O.IA Mi 0.10
N l 49 Ni 100
M AOt MAHft BOL ft BOL








I V  O W I 
pH 6 4
o a  it
C o a t 0.964 Ah i o<a
T t l f  111
a  i t
NOJ-N BOL 
9 0 4  6 91  
Al BDL 
A l 0 0 4  
O l JT 
C4 BOL 




M l JJO  
U o  0.041 
N< IB 
Ni BDL 
F t  BDL m i* 
B rO J O  
Tl BDL 
Z a 9.019
I V  O W I 
pH 4.7 
D O  I S 
CbaO. 0191 
Aft. J.7B*0# Trap. 107 
a IS 
NOJ-N BDL 
9 0 4  9 0 4  
Al BDL 
Aa O i l  
Ca 99 
C4 BOL 
O a BDL 
c a  BDL 
Fa SI 
M ( 14 
14a 041 
Mo 0077  
Na J !
M  BDL 
I t  BDL 
SI 17 
l l  0673 
I t  BDL ZaOOO
iv  rwi
pH 7 4 
O O  7B  
G o a t  0494  
A f t  I .S M 0  
T a a p  I I S
a  i7
NQJ-N 1.66 
9 0 4  9 1 4  
Al BDL 
Aa BDL Ct 96 
0 6  BDL Cb BDL
c a  B.I61
Fa 0  .10 
M | IJ  
14a I 14 
H o  BOL 
Na M  
Nl BDL 
f t  BDL 
91 I J  9c 0JQ3
Tl BDL .
Z a 0.796 C r S * 3 7
SILVER BOW CREEK 
TRANSECT IA 
8/24/95
iv  iwn 
pH 7 1  Da 69
Goa* 04S9 
A ft. I t t N S  
T r a p  114 
a  17 
NQJ-N 1.61 






Ca 01 4 6  
Fa 0 1 0  





I t  BOL 





I V  O W I
p a  i s
Aft. 0










Ni 0 0 4
F t  0 17
I r  0943
I I  BOL
Z a 169
IV B W IQ  
pH 4.7
D Q  7.1 
C aa i. 0.491 
Aft. l  7B*<a 
T a a p  151 
a  17 
NOJ-N 1.64 













F t  BDL 
91 I J  
SrO JO l
I V  OW 4 I V  O W I
pH 6 4 pH 4 .0
D O  1 1 D .a  4 4
C o a l  1.15 G oat. 1.71
Aft. 44E*02 A f t  0
T r a p  146 T aap . IJ .7
a i o a n
NQJ-N BDL NOJ-N BDL
9 0 4  i .o c * m B 04 7 .S M B
Al BDL A l 14
A l 0 5 1 Aa 00 4 9
Oa 48 ca iob
0 6  BDL 0 6  BDL.
O a BDL Co 00516
C OBOL C a 0.0141
Fa IDEMU Fa I * * 0 1
M§ 14 Mp J l
Ma 164 M a 1 1 4
Mo 0 1 9 Mo 0.10
Na 51 Na 71
Nl BOL N l 0.099
F t  BDL F t  BDL
Si 10 Si 49
f t  0.115 f t  0469
Tl BDL 11 BOL






D .a  «  •
C aa i. 05 0 0  
AH. 128*02
T a p  l i ta n '





C t  BDL 
C a BOL 
Ck 0.179 
J*  0  09 
M l 11 




I t  BDL 
91 If 
9r 01 1 0  
Ti BDL 
Za 1.19




I V  O W I 
pH 6.90.0 I t 
C o a t  O SU  
A H  1 IE *02  
Tcaap I t la I t
NQJ-N BOL 




C t  BDL 
C a BDL 
Ck BDL 
Fa IS  
M | 12 -
Ma J  B2 
M aO flBf 
Na 27 
Nl BDL 
I t  BOL 
«  14 
H 0L34I 
HOODS 
Z a 019 2
tv  two 
pH tOaa ii 
C kat. 0911 
A H  l.2 & * «  
T a p  l i t
a  i t
NQJ-N I J 9  




0 4  BDL 
C k BOL
catiat
f t  019 
M l 11 




I t  BDL 
H  IS  
S» 0 1 M  
T i BDL 
Z a 1 1 0
SW II
— ? 1 ~
I V Q W 2
p H M
o a  i t
C o a t  0-742 
A H  14E*02 
Tmo9  109a is
NQJ-N 0.14 
9 0 4  M .4 
Al BOL 





F t S4 
M | 14 
M a 7.9 
Mo 007 5  
Na J J
N l BOL 
I t  BOL 
91 I f  SrOOl 
T l 0 0 0 5
Z a 0 4 1
1 Meter
GVl
iv  owi 
pH 47
oa i t
C kat. I f f  
A H  IfB tO I 
T r a p  I l fait' 
NOJ-N 0 *  
9 0 4  M b i t  
Al 7.0 
Aa BOL
c a l l
0 4  0.091 
O a 0(229 
Ck J SO 
Fa 40 




M  0 0 9  
I t  t i t  i r  
H U B S  




o a  i  t
C kat. O J t J  
A H  l.4B*02 
T a a *  I J f
a  17 
NOJ-N I B  
9 0 4  102 
Al BOL 
Aa BDL Ck 96 
COBOL 
C k BOL 
Ck 0  .190 
Fa 0.14 





I t  BDL
I V  OW 4 U -  QWP
* « *  pH 4 1
D O  1.7 D .Q  9.2
2J9 Ckat 199
A H  69B*02 Am NA
Tâ . IDt Taaji 0.709 022
NOJ-N BOL N O IN  BOL904 tfE M B  104
Al BDL Al 2 4 9
Aa O SJ 0 m
Ql* ca no
G 4B D L  CO BO L
O a DDL C k O.DM
C* * * -  Ck BDL
Fa 1 1 1 * 0  f ,  |.4 fe 4 g
Ml  M  M | I I
M a J t f
Ma 0-91 Mo 0 1 9
Na 110 Na 74
M B O L  M O D S
I tB O L  I t  BDL
* * •  SI 46
9-694 I r  04 4 1Tl 0.002 Tl boc





IB- I W t IB- SW1 S I L V E R  B O W  C R E E K IB- SW B IB- SWIU
pH  7 .4 -  
D .a t J
pH T-S 
DOL I B
T R A N S E C T  IB 1 pN T.T  
D A  I  *
S H T S
DA ].* '
C M .  0 I2 S C M 0 J 2 4 6/26/95 C M  SU IT C M  t i l l
A f t  110*02 A ft. 1 S a O t A ft. SB A ft. l .3 E a t t' T ta y i T n a ft T a a * T a a #
a  io a  10 a  It a  i t
NCD-N 094 NCD-N t.94 NOB-N 0 9 7 NDS-N t* T
•04 M.4 SOI MS SCM 344 •04 M T
Al BDL Al BIX. Al BDL Al ta t
Aa SDL Aa BDl Aa BOL Aa BOL
C a M Ca M c a n Ca IS
G4BDL C i  BDL r s  BDL COBOL
C a  SOL C a SOL C a  BDL Cm S o l
c a to s s C a tS B i C aB O S CO OHM
Fa S IB N  # 2 3 Fa BIS Fa 0 2 9
M |S I M | t l M | t l Ms t l
M a •  491 Mat4BT Ms t in M a tS 2 4
M o BDL M o BDL M a BDL M a BUL
Na IT Na IT N a I t Na IS
M BDL M  an. M BDL IB BDL
14  SOC f t  BOL f t  BDL f t  BDL
Si 14 SI 14 S I M SI I I
•a  0114 K  0214 Sa t i l t Si t l !
T l SOC Tl BOL T l BDL Tl BOL








IB- O W M . . IB- O W I IB -O W I IB -O W I IB- 0 W 4
pH 0 4 pH a  s pH 4 0 pH t l pH OS
D f l  OS D A  0 3 D O . S 2 D A  1.9 D O . I J
C M .  tJ S O C M  1.20 C M .  t i l l C M  0J4B C M  1*0
ABl IJE * 0 2 A ft. T tE aO l A ft IS E aO l Aft. I 2K*02 Aft. 94
T n f . T t a f . T n s T u p Taw #
a t ! a  i o a  io a  9 4 a  12
NOON BDL N Q I N BOL N Q S N t t S NQ9-N 041 NCD-N O M
9 0 4  K14 • 0 4  I S I • 0 4  3 34 9 0 4  3 *1 0 0 4  24E*02
Al BDL A I 0 J 9 Al BDL Al BDL A l BDL
Aa 0 1 9 Aa 14 A a t I T Aa BOL Aa OOT
Ca 43 Ca 110 Ca IS c a n c a s t
C4 BDL G4 BOL C4 BDL C t  BOL C t  BIX.
C a  BDL C a BDL C a BDL C aB O L COBOL
C a t  .012 C a t  ITS c a  t o n C a SOM c o  t o n
Fa 4 1 Fa Tl Fa 4 4 • Fa 0 1 9 .F a t T
M | T 9  . M s 21 M | TS M | 0 0 M s 14
M a 111 Ma 20 Ma IS 9 Ma 43 4 4 M a T J l
M atO B O Ma t i l l M a tO i M a BDL M o t  190
Na 14 Na l l Na IS Na I t Na IT
Nt BOL M  BDL Nl BOL M M X . M  BOL
f t  BDL f t  BDL f t  BDL ------------------------------1 f t  BDL 24 BIX.
SI IS Si 11 Si 14 1 Meter Si 14 Si 14
Si t i l t I r  t t l S S r t m S i 021 . S i 0  JOT
Tl BDL Ti 0014 11 BDL Tl BDL Tl BDL
Za tOSB Z a 0304 Za 02 9 0 Z a 0442 Za 01 9 2
m-aws
f i l l . *
D .a  i t
c m . i t i  ■
A ft. •
T a f i
a  so .
NO] N BDL 
K M  IIErC D  
A I M  
A * t a i  
Ca ISOa u n
Cm (  OM 
C * l »  ft iJB*n 
M l 11 
M a O  J  IftUK 
n* to M 001
f o b i x .
Si J t  kt«T 
Tl BUL 
Za IT J
l» -  OWt
pH 1 9  
DA I * 
M  lei 
A f t #





A s BUL 
C * * J  







N I H  
f t  BDL 
S  4*
Satin
T l SOM  
Z a 1 4 2
00Ul
SILVER BOW CREEK 
TRANSECT IB 
5 ! T  7 /1 9 /9 5
D O  1 9  
C M  140 *
ABi I . I M I  
T «r Ik)
a  u  .
NQJ-N 11 0  




a  BOL 
0 *  BOL o iui 
h t t l  
M ( 10 
M l 0794  
Mo BOL 
N i 21 
M  BOL 
I *  BOL 
Si M  
V  01 5 5
» a w i ■ M O W S
fH  4 4 M l AT
a o  i s D A  1 4
Cook I U Cook 14X4
A f t A f t
T « o »  111 T oo*  1 41
a  i* a  14
NOO N BOL NQJ-N ATI
S 0 4  2 l . t S O ) T U
A I 1 7 J Al SO L
A l I  t Ao A W
C l |4 0 0 4 )
C k BOL C k SO L
CO BO L C O B O L
O r k S I C o OW I
f t  I4 E M S f t  I I
M | 24 M f 1 4
M i 2 1 4 M i U S
M o l 4 t M o i * a
N l 40 No SI
M  BDL W  BOL
f t  1 1 3 f t  SO L
M S M (4
Si 196 2 S r lS S B
Tl 14 9 * 11 BDL’
Zo D M Z i  1 7 ) 0 '
»smi
* ■ * •
D A  4 0
Oak 0.4(4 
AIL I.4BMBToo 111
a  i s
NQJ-N I k )  
SO* D A  
A lk O W  
A* BOL 
O 40 
C k BOL 
C o  BOL 
COOM B ft 04)
Mf 10 
MtlSIS 
M o BOL 
N o »
M  BDL 
f t  BOL 
M M  
Sr I S M  
T l BOL 




a a  i s
C ook  1 4 0 )
A f t  1 2 E « 0 t 
T o *  1 44
a  i s
NOJ-N 0 4 )scMsas 
A I M S  
A l BOL 
0 4 )  
COBOL 
C o BDL 
O  IB M  
f t  I S  
M | I S  
M i 17 7 4  
M i BOL 
No SI 
M BDL 
f t  BOL 
M l )
sr izn
T l BOL . 
Z o l M I  '
fM 74
D A  A t  
C M 1 0 J M  
A f t  IJE M R  
T«a ID
a  i i  noon ijt
•CM 7 34  
Al BOL 
Ao BOL 
0 4 4  
0 4  BDL 
CO BOL 
C l  a  0 4ft 13*
M f AT 







G W  •
w-ow* 
fM 1 )
. DA 14 
C o M  *107
A f t  IT E M S  
Tm * l I4B  
a  14 
NOJ-N 0 7 5  
SO* 1 M M R  
Al BOL 
A l BOL 0*1 
COBOL 
COBOL 
O  A M I 
f t l *
M f I*
M i 7.7)
Mo 100 4  
No M  
M  BOL 
f t  BOL 
O  IT 
M  D l l  
I I  BOL 
Zo 1M B
m-ows 
fM  4 4  
O A  i i  
Cook I JO  
A f t  0  
T o o a  140
a  i t
NO0-N BOL 
SO* IJE N B  
Al IS 
A l l o t  
O  MS 
Ck 00 6 0  
C l  10 4 1  
O r 1 0 4  
f t  ITEM S 
M f n  . 
M i SAT . 
M o 1 S |
No 7 )
- N l 10 4 5  
f t  BOL 
M ) 4  
S r 1 * )B  
11 BOL 












c »  
c »  




No ' M 
f t  
M 
St 































o a  7 t
C o M  03D5 
Aft.
T r a p  I U
a  »
NOJ-N 116 
PD 4-PB D L 
9 0 4  l<B 
A l HOC
SILVER BOW CREEK 
TRANSECT IB 
8/27/95
C t 59 
0 4  BOL 
CO BOL 
Q l 0.147 F. 001 M| I) 
M i 1.14 
Mo BDL 
N l n  
M  BOL 
l b  BOL 
91 IS 
h  0J7J
IB- QW 1 
fH  6 9
D A  I J  
C M  0492 
A f t  I 4BMB 
T r a p  1 40  
a  I*  > 
n o u n  a n
1 0 4 -1  BOL 
9 0 4  U .2
Al BDL 
ai ai4
O i SI 
0 4  BDL 
Oo BDL 
ci aim
F l 4 4  
M f 12 
Mo IB P 
Mo 0 0 1 4
* *  |  Meter
M  BDL 
l b  BDL
91 ISftom .
71 BDL 
Z i  0.110
fH  7 9
O Q  4 9
COM  0.493 
A f t  IJB M B
T r a p  I U  
a  17
NCD-N I J I
P04-P  BOL 
9 0 4  100 
Al BOL 
A l BDL 
CO 97 
0 4  BOL 
COBOL 
CO 0.149 10 010 
M f IS 
M l I IS 
Mo BOL 
N i 34 
M  BOL 




i s -  t w i n
fH  7.9 
D O. 7.9
C bM  44 9 9  
A f t  I.IB M 2
T r a p  192 
a  17
NCON | 9 f
9 0 4 -9  BOL 
9 0 4  104
Al BOL 
A l BDL 
CO 57 
C 4B D L  
COBOL 
C l  0162  
F i  0 0 0  
M f IJ  Mi 1 11 
Mo BDL 
N i 27 
M  BOL 
l b  BOL 
H  IJ  3r 0J26 
Tl BDL
O W 3
IB -O H S IB -O W 4 IB- OWO
fH  4 7 fH  4 4 fH  5-4
o a  2.2 o a  2 J D O  3 4
COM  9437 COM. 9900 CoM  I  «3
A f t  9fE*O I A f t  1 9BM2 A f t  S 6EMII
T r a p  I U T r a p  141 T r a p  I U
a  io a  19 a  29
NCD-N I J I NOJ-N 0 9 6 NCD-N BDL
P 0 4 -P B D L 1 0 4 -9  BDL 1 O 4 -P 0 4
9 0 4  9 4 2 9 0 4  121 9 0 4  I B M
Al BDL Al o n . A I 1 0
A l BOL A l BOL A t 9 1 0
CO SI C l  61 CO 124
COBOL C 4B D L G6 0.010
CO BO L O b BDL o o o s
CO 00 4 9 P i  4004 CO BOL
10 0 4 0 F l  31 F l  STEaOS
M f II M f 14 M f 37
M l 4 9 0 M l 471 M l 27.0
M i BOL Mo 907 6 M i 4 4 4
‘ N i 25 N l J6 N l 91
Ml BOL M  BOL M O O S
l b  BOL Pb BDL l b  BOL
91 IS SI 14 01 J4
9 f  427S 9f0LS2> l l  0494
T l BOL 71 BDL 11 BDL
Z i  0296 Z l  920 0 Z i  I U
A
ppendix
G W I t l
t c .  m ta r n
H IM fH T.T
a a  i.« n a  o i
0 * 4  0 R« c u t .  ant
Aft. I.IBMB Aft. i.m*oi
w Tm o
a  10 a  io
NOJ-N o n NOO-N OJN
l o t  JIB KM 51.0
AIBOL Al BOL
Af BOL AiBOL
a n a n
Ct BDL CO BOL
C a  BDL C a BDL
a  OH* O i M I
Hi o n n o n
Mf 00 Mf f t l
M a 0 W 7 M a ant
MaBOL M aB O L
Ni IT Ni IT
Nl BOL W BOL
f t  BDL K m .
ft IJ « i t
B i n f t  0 2 1 0
t l  BDL 11 BOL
Za 0.414 Z a 0.442




IC -O W IS 1 1C. O W I 1 C -O W I .
» « fM O f f i t  0 0 .
o a aa i.t aa t i
O a t . C o o t C o a t O tM
' A ft. Aft. Aft. 300*01
T " T T « * I t s *
a a n a o *
JOIJ-N NOO-M BOL NOON BOL
to * K M  M B sot U*
Al 20 A IO I* A IB O L
A l BOL A t 0 1 5 A f O l l
a  1*0 a  in a t j
c t  a i d C t  BOL CO BO L
a o m o C a BOL C o BOL
a  i l l a  a o i i j ' C » BOL
Hi M f t  lO E i ta f t  2T
M f * M f n M f O t
M a 29  7 Ma 111 MB t.O*
Mb M O Ma 0.251 . M a f tO U
N a t l *  40 Na I I
N ta a M W OOS N l BDL
TO BOL 1* BOL f t  BDL
f t  51 f t  M f t  IB
f t  a m f t  1 4* f tO S J *
t i o m t  - 1 1 0 0 1 2 11 BOL
Za n t Z a B U O Z sO O tO
 1
1 Meter
to two tc- twin K M W IV
fHTO fKTf fHT.t
D.O. *0 aa r t oa ot
OatL 0322 C M M M O a O O J IO
Aft. I.0BMH A f t  OflEaOl AO. I.TEatn
W Trwf.
a  io a  to a  io
NG B-N M B N O L N O S k NOON OBI
l o t  JI.T lot 5IA BO t 514
A l BOL A IB O L A IB O L
Aa BOL Aa BOL Aa BDL
a n a n a n
C t  BOL COBOL COBOL
a  BDL a  on. a  B b c
a o in a  om - c* a 107
f t  OJLl ft 0*6 f t  on
Mf 01 MfOI Mf 00
M i 0155 M a O l H M a f tS f t
M aB O L M aB O L M a BOL
Na IT Na IT ' N i  IT
N l BDL W  BDL Nl BOL
f t  B D l f t  BDL f t  BDL
ft M f t  I t ti I J
ft 0210 ft 0211 f t  OJOB
T l BDL 11 BDL O  BOL
b u m Z a ana Z aO JD *
swiv G W <
OWI
MS-OWI i c - a w t K> OWf 1C- OWf
fH 1.1 fH 05 fM Ol • fH 2.T
n a  i j a a  t o o .a  u n a  4*
Coot. OJI2 C N t t n 0 * 4  OJOl O ut IU
Aft. 110*01 Aft. MEMO Aft. S All 0
Toma 1 « T Toma Too*.
a  u a  i t a  10 Cl
NOJ-N OAt NOON B it NCD-N a u NUJ-N
•Ot 103 •n t  s u • o t t o Ml*
AIBOL Al BOL A ia n Al JJ
Aa BOL Aa BDL Ai BOL Al BDL
a  17 a  i i a  i i a  MB
Ct BDL Ct BDL COBOL G ia n t
CaBPL a  BOL a  BDL a o  a n
ca  oast a  o a * a  a i t s a n t
f t  *1 ft  TO ft  I t f t  2*
Mf T T Mf TJ Mf T.l Mf 2*
Ml 1.42 Ma a n t Ml 0421 Ma J50
Mi 0014 MoOOST Ma BDL Ma 00W
Ni IT Na If f t  If f t  *3
M BDL NIHIL . M BOL N  ft 073
f t  BOL f t  BDL f t  BOL f t  BDL
ft IS II U II II ■ 55
ft 019* ft ft. IB! ft  0144 ftOMT
n  BOL Tl BOL n  o m 11 OOIT





pH 0 0 TRANSECT IC i c -  o w npH t o
D O
C o a l 9.496 8/27/95 D A  OaaA 0501
Aft. 1.06*01 A D  1.16*01
Tanp. 104 T t a *  193
a  IB a  17
NOO-N 193 NOJ-N l . «
9 0 4  101 1 0 4  109
Al BDL Al BDL
Aa BDL Aa BDL
Ck 54 C s SI
C l  BDL C i  BDL
Oa BDL COBOL
Ck 00 6 0 C a 0161 ,
f t  0.19 fa  0.16
H p  13 M f IJ
M s 1.16 M a 1.13
Ma BDL Mo BDL
N a H Na M
Ni BDL Ni BDL
Ik BDL Ik BDL
SI 13 »  13
S t 0311 9 (0 3 1 1
Tl BDL 
Z a OJZI ch  *30 I t  BDL Za 0.441
6W1 GW)
IC - 0 * 9
IC - O W I pH 6 9
pH 4 7 D A
D A C M l  0.515
C oal- 0.761 A ft. 1.46*09
Aft. 3.46*09 Taaap 140
T a a p  142 a  17
. a  14 NQ3-N 0.09
NCD-N 0.14 9 0 4  69.1
9 0 4  3 1 * Al BDL
Al BDL Al an
Ao 0 3 0 Ca 52
C t  M 0 1  BDL
C 1 B 0 L CB BDL
Oa BOL C a 0.091
C a BDL Fa 10
6a 53 M f 12
M f 13 Ma 3.7*
Ma 7 .50 M o O .n i
UoOOKI Na 26
N a H M  BDL
M  BDL r t a o t
I k  BDL m  isli 1* 9 ( 0 3 9 0
1 (0 4 7 3 -  Ti BOL





C o a t  0501  
A D  |.4B*02 
T a a *  l i t
a 17
NOO-N 1*1 
9 0 4  118 
Al BOL 
A* BDL 
C » S t  
Ol BDL 
C a  BDL 
C a 0.127 
F t O i l  
M f 13 
H a  1 1
Mo BDL 
Na M  
N iB O L  
I k  BDL 
91 13 






IC - 0 * 4  
p H * .*
DA
CBaA 0-3*4 
A f t  1 .4 M B
Twf 144
a I*
NOO-N 0  .14 




C l  BDL , 
COBOL 
Ca o o n  
Fa *  4 
M f 14 
M a 1-14 
M a 0.01* 
Na IB  
M BOL 
Ik BDL 
91 M  
I t  035 7  
T l OlBOSI 
t l  O SW
IC- O W I 
pH  4 5
DA
JaaA 101 
A ft. 0  
T a a *  140  
a  17 
NOJ-N 06B 
9 0 4  456*01  
Al * 1 1  
Aa BDL 
Ch 73
C l  0073  
C a  0 0 3 0  
C» 4 3 0  
f a  70 
Mg JO 
Ma 140  
M aO O M  
Na 35 
M  0.046 
Ik BOL 
91 39 
>1 O J ]
n  BDL 
Z a  IB 7 00VO
d a - b w i  
pH 7 0
A k  1 .9 M B  
T a a *
a 10





SILVER BOW CREEK 
TRANSECT HA
pH  7 *' 7/<S/95
®J51  0 * 4  O J *
Ak. 1.4M t
a io
^ O - M  NCD-N 0.40
M  1 0 4  5 0 4
"  Al BOL
* * * ? * •  Aa BDL042
0 4  BOL
Cm O D t a  BDLOOCOI aftll
ft OS 
M | 1 4
Ma 0* 7 3  Ma 0 «3*
M aB O L  Mb BDL
Na I f
* " * -  Nl BDL
f t B O L  f tB O L
M 12
1 * 0 ®  Si 02 2 4
c h '/o L ______________
SWI swil
GWJ
H A -O W I 
pH 0 5
o  a  to  (M 
A k  1Wa it
NOO-N OOP 
8 0 4  7 *1  
Al 0 0 7  
Aa I T  
Ca 91 
C4 BDL 
C BBD L 
C a O O U  
f t  t l  ' 
M | 17 
Ma 144 
M aO JO  
Na 32 
M  BOL 
f t  BOL 
«  17 
li OJBS 
71 BDL 
1m O J ®
B A -O W I 
pH 4 *
D A M  
C a a i  0-D 3







Ck i t  
COBOL 
O a BOL 
C k ftO M  ft 10 
M | O  
M a f t M  
M a ft 01 
Na I f  
Ni BOL 
f t  BOL 
M 11 
• r  4227  
71 M L  
A M H
n v  iw m  
pH 7  j  
D  O  * 2  
C M .  OJSO 
A k  IJ6 M B
T«*a io 
n q j - n  o »
s o *  M B  





C kO O f*  
f t  0.24 
M f 1 7  
M s 0.095 
Mo BDL 
N a 19 
M  BOL 







DA- O W 4 HA- 0 7 7 1
pH 4 7  pH LB
D O  |  J  D.O. | J
0 * 4 .  0 4 0  O n *  2 2 7
A k  1.4EMB A k  I.1EHU 
* « ■ *  Tanp.
a  17 a  26
NOJ-N BOL NOJ-N BOL
1 0 * 2 1 8  1 0 4  IBB
Al 1 1 1  Al O M
Aa 1 1 1  Aa } «
Ck *4 Ck J J E H B
G 4B D L  C4 BDL
C k BDL Ck 0 0 4 1
Ck 0  079 Ca 0  *34
f t  11 f t  2.IE+02
M | 12 Mg 14
M a I S  Ma 4 1 1
M a OOS M e O J l l  
N a l l  N a l l
(  Nl BOL M  0021
1 1  . f t  BOL f t  O M
1 Meter *'» ««
• r  0 4 1 *  k  M l
71 BDL 71 0021





II  A- *W1 TRANSECT 1IA h a - o w n
H I M
D a  7 * 8/31/95 pH 0 3a a  os
C M  0.310 C M  0.307
AOL IJB * 0 3 AOl 1.38*01
T n *  177 T e a *  174
a  IB a  io
NQJ-N 143 NOO-N 143
9 0 4  100 9 0 4  101
Al O i l A IB O L
A i BOL As BOL
» ? 4 Ck 34
COBOL 0 4  BDL
Ck BDL Ck BDL
Ck 0.167 C k O IS J
f t  041 f t  0 1 4
M f 13 M f 13
M s 1.10 M s 107
M s BDL Mo BDL
Nk 30 Nd 30
M  BOL M  BDL
f tB O L f t  B n .
91 13 91 »
Sf O JI Sr 0304
11 BDL Tl BDL
^  Z a  0747 Zk 061 9
HA- O W I 
Hire
a a  o a
C M .  0.733
a w . j m * m
T o *  D O
a  i i
M O N  BDL
9 0 *  170 
Al BOL 





f t  13 
M| II 
M s 7 7 9  
Mo 00 9 6  
Nk 37 
M  BDL 
i t  BDL 
M 30 





k a - a w i  
pH r i 
a a  > 4
C M  0439  




0 0 4  0 1 7  
A IB O L  
A i BOL 
0 4 0  
C 4 BOL 
C b BDL 
Ck 0044  
Ok IO  
M | I I  
M i 0107  
Mo BDL 
Nk 30 
M  BOL 
f t  BDL 
*  13 
. Or 0304  
11 BOL 
Z o  03 7 4
OA- BWni 
h i  0 3
o a  o j
C M  03 0 4  
AOl I J M i  
T c k *  1 73
a  io
NOJ-N 1.71 
3 0 4  104 
Al BOI. 
A iB O L  
Ck 34 
CO BDL 
C d BOI. 
CkOIJ 





Ni o n .  




Zk 04 6 0
GW4
I IA -0 W 4  
H I M  
a a  o o  
C M  0 4 6 4  
AOl J.CErfll 
T i n *  l i t  
a  19
NOJ-N BDL 
0 0 4  3 1 9  
A l BOL 
Ak 0 | 4  
Ck 61 
O f  BOL 
Ck BOL 
Ck BDL 
f t  44 
M f II  
M i 6 0  
Mo 0047  
Nk 37
.  Nl BOL
~~ '  f t  BOL
1 Meter » i*
*10407 
I I  BOL 




pH 7 4  
D A  A t  
C o a t  A fc *  
M l M M
a isNCB-N I JO 
• 0 4  4 1 5  
Al M X .
A* M X.
CO 41 
0 4  M X .
C o M X . 
COAOPI haai 
M | A l  
Mo ATIO
kU»
n m x .
Zm 0.30*




pH I S  
DA U  
C M  01 3 3  
AM IJBttt
O  I I  
NOMT I I I
kxa«
Al M X .
A* M X . co 41 
C4 M X.
COBOL
a n i l
m ah
M | A l
Ho I f  
M  M X. Km « u
l r  A IM  




r a - a w i m - a w i MB- OW 1
pH A * pH AC pH 7A
D A  I f D O  1 3 D a  1 4
C o a t  0136 C o o t A IM O a t  A M I
A f t  i  t o w n A f t  I  X t f f l A f t  I f t t l
Towp. T r ^ T o o *
a n a  H a  I I
NQ3-N A 4 f NQJ-N ACO NQJ-M IM
• 0 4  U A • 0 4  X 4 • 0 4  M l
A IB D L Al A l l Al BDL
Ao B IX A l A M A t BOL
Co 41 CO 40 CO 41
C l  B IX CO BO L C t BOL
COBOL C OBOL COBOL
Co A U f C« 0 0 4 4 CO A M I
I f  A1B Fo U f t  A M  •
M |A 4 M | A 4 M | A l
Mo O K A Mo l i t Mo 0471
M o B IX M oA O II Mo M X
No I f No IB NO I f
M  M X M  BDL Nl BOL
P t B I X P tB D L I t  BDL
f t  11 f t  U f t  I I
f t  A i n f t  A O S f t  A IM
H  BOL n  b d l 11 BOL
Z o A f l l Zo A IM Z o .A f B -
n*. «wtn
f H  7 .4  
DA I f  
G o a l A J67 
Aft. ! . « ♦ «
T«fta u
N tB -N  1 15 
1 0 4  « i »
Al M X .
A* M X.
C» 44 
C 4 M X  , 
C o  BDL 
C o A l l*  
f t  A t*
M | f t  
Mo A W  
M o M X  
No »  
M M X  
I t  M X  ft 11 tram
lift ow« in- owt
|H  a t  pH A l
D A  1.1 D a  A l
CeaA A461 C o o t  I.4M
A f t  t l f t A I  A f t  t « 4 ( n
T« f  Too*a it an
N O W ! M X  NQVN A IX
K X M I  * 0 4  H i
Al A IX  Al A M
AO A M  Ao O f t
ca iso a  iii
O i B IX  C X BD L
C o B IX  Do B IX
CO B IX  CO 0 0 1 1
f t U  f O U E « A t
M l I f  M | I I
Mo * 3 1  Mo M O
M o A  003 M o 0 3 0 4
No X  No 40
|  HI MM. M  BIX.
« M o t o r  a b o l  p a  B IX .1 M M n  a>( m u
i t  a s s  f t  A tari
n m . n am





H i l l
D a
c m  c  m  
A ft. i . iB * a t  
T o y  163
a  is 
N 03-N  I .M  
SCM 101 
Al BDL
SILVER BOW CREEK 
TRANSECT IIB 
914195
p o l l
D a
O n* 0.314 
A f t  i a « a  
T t * »  i s j
a  i s




C oB D L  aim 
F t  c  m  
M | 13 




R B D L  
Si 13 
S tO J IO  
11 BDL 




O i BDL Oa 0.111 





M  BDL 
I *  BDL 
Si 13
f t  o J o s  
H  BDL 
Z a O B I
g W l l
m OW)
i i b - a w i i n -  a w s O f t  O W I
pH 7 3 |H  6 1 pH 1 3
D a | o a D a
O m *  0  313 CM *. 0.431 O n *  *  49*
A f t  1 I f tO S  A f t  l.(E »01 a ij . u m a
T n p  1 30 T t o p  143 T ta * .  13*
a  11 a  i i a  IS
NQ1-N 130 NOftN  1.31 NCD-N I B
3 0 4  n  i 3 0 4  S U * 0 4  100
Al BDL AIOOB Al BOL
A t BDL A t 0.1*4 A t BDL
Q l 33 Q l 33 C t »
0 4  BOL C* BOL COBOL
Oo BDL Oo BDL CO BO L
CP 0  111 , CP DM9 CO *114
f t  O i l 1 f t  13 f t  * 1 3
M | I I M | 13 M | 13
M a 106 Ma 1.03 Mo 1.714
Mo BOL M eO B O M tB O L
N* 19 N t W N t 3*
. NI BDL M  BDL M  BOL
f t  BDL f t  BOL f t  BDL
• I  I J M 13 ■  13
S T 0 J I4 f c O J S l * > •3 0 0 -
11 BDL I t  BOL 1) BDL
Z a I B Za 0411 Za * 3 (1
i n -  m i n  
pH 0 3DU
( M  0 5 3 4  
A f t  I 2E«01 
T ra p .  M l  
U  IS 
NOO-N IJT> 






C» D IM  
F t 0 1 6  
M | 12 
Mo 106 
Mo BDL 
N t 2S 
Ni BDL 
f t  BIX.
d f t  OW 4 
H I 6 T
Da
C M  0.666 
A f t  3 JE * 0 I 
Too*. I l l
a  i s
NCD-N BDL 




O I  BOL 
CP BDL 
CP BOL ft 3*
M | 14 
Mo I  B  
Mo *0 3 3
|  No 33
1 Meter
«  IS 
S t 0.4B0 
n  BDL 







u c- o m  
| M « J
D a'
C M  0501 
A *.
T«*Oil 
NOJ-H l.«  
K M  109
ai i n
A* BOL a  M 
G IB O L  
C *  BOL 
CO B U I  
10 0 5 7  
M | l l . t  
M s 0 9*4 
M o BOL 
Ml 2S 
M B D L  
n  b d l  
■ u
B rB JIB  
T1 U M  
b  I M
l i e -  a w i  
Ml 7-1
D a




K M  7 7 J  
A l BOL 
Ao BDL 
C O O  
CM BOL 
COBOL 
C o 0.011 10 M 
M | I I T 




10  BDL 
M 14 
B rO JQ I 
n BOL 







G W 3  |
m v  a w i m v  o w i M A - O W I
pH 1.1 pH * 1 pH M
D O  l  .« O O  1 0 O O  J.P
CoaP 2 23 C M  I.SSP C b a i  U P
A O  IAE«01 AH. I  0 M I A H  I  4BM3
T « * » T o p
a  7* a so a  i s
NQ3-N BOL NQS-N 0.11 NQ9-N O O
PCM I.IEMD S M T W tO l n n H M
Al 0.21 . A IO M Al BOL
AbO .lS Aa O OP A i OOL
Ch MS Cb 17} Cb 40
0 4  BOL CP BOL 0 4  B O .
C b O O II Cb O.HU Cb BDL
Cb BOL O  BOL Cb 0 0 4 7
l b  IS lb  n F t OB
M | »» M | 37 M« 10
Mb  1 0 4 M a 104 M l 174
M a OOM Mo O OP* M i 0 0 1 7
N i 110 N i 111 N i M
M  BOL M O  IBS M  BOL
l b  BDL l b  BOL l b  BOL
»  10 «  10 PI M
St 2.10 St I t * b  0313n BOL n BOL 11 BOL
Za 2 J I Za M T b i l l
IIIA- O W 4 i n  A. 0 * 1
pH  U  p | |HO U DO 12
G M . I 1 I S  C o a t  I.47J
A H O H v tO I A ft J2 E K H
T* " P  T aap.a JO atJ
nos-h an. k iu  ou.
*>«•«
** a i  a n .
A* M l  A l 0 4 2
& I 3 4  C . l »
c i  a n .  a  a n .
O i  BOL O  0032
C * » W  Cb BDL
F t i  2E*<a h  u tr . tm
M  Mg 46
Mb 1*0 M> Z J J
U » O I7 4  I f e u n
N*a N> is
M  BDL Ni a n
' * l b  B n .  l b  BDLI Meier m  tin
*  I JB  (4
"  M L  T1 1 0 L




U l V f W I
p H t l
D a  s i  
C o a l  0  * »  
Aft. M EM O 
T o f t .  IT *
a  i t
NGS-N 1.93 




C l  BOL 
O tB D L  
c b o i i *
F t 00*7  
M | I I  
Ma 1 11 
Mo BOL 




I t  OJJO 
Tl BDL 
Z a O S M





M .  0.911 
A ft. IIB M B  
T n f t  IT.*
a  I fN09-N 1.(9
9 0 4  109 
Al BDL 
A i BDL b f  
CM BDL 
COBOL 
C l  0.119 
h  0005  Mg I I  
M i l .U  
M i BDL 
N i 77 
M  BOL 
Fb BDL 
M I I  
f c  0317
T l BOL 




m v a w i n i v  o w i m v  o w i
pH 6  * pH 6 9 p K M
o a  > 9 D O  IT o a  4 9
C o a l t .O C o a l 1 9 f | < w  o a r
Aft. i A ft ( I f i a d l A ft. t4 B * « l
T M ft U * T M ft  1X7 T a a ft 144
a  m a  » a  i*
NQJ-N BDL NCtt-N BDL NQI-N 191
K M  IXftaOO 9T M 6M M D K M  ITT
Al BDL A I0 0 * Al BDL
A l BOL A t BOL A l BOL
C l 23S Cm 1*6 C i 61
C* BOL C l  BDL C f  BOL
Co BDL C o 00 9 1 C l  BOL
C l  BDL C l  BDL c b  a  a n
Fa IT 1* *0 Fa I  T
M ( 61 M | I f Mg IS
M i « D M a 100 M i 14T
Ma 0 (0 9 M a 0.0*9 M aOOIT
Ml I S Na 109 Na 14
M  BOL NI BDL M  BOL
1% BDL »  BDL ( 6  BDL
SI 1* 1 1 9 0 «  14
9> 1 9 Sr I d * 0 .4 1 1
T iB O L  |1 Tl BDL 11 BOL
Za 09 9 9 Za 117 Z i  1 9 0
m v  sw u i  
pH n
o a  * o
C M  0.901
A*. tM*n 
T f l f t  1 7*
a  I f
NQLN IMS
s o *  ioa  
Al BOL 
A l BOL
M V  «IW 4 
pH * JDa I J
C oa* 1 S T  
Aft. 4 . a « a i  
T u ft U T
a  »
NOJ-N 091 
9 0 4  199 
Al BDL 
A l BDL 
C l I I*
C i  BDL 
Co BDL 
Cb 0067  
h  10 
M|M 
M l 11.1 
m i  o  m *
________ I
1 Meter
. 91 IS  .







ms- m  ins- owi 7 /1 1 /9 5  sm own
fH  1.0  fH  1 3  fM  * 1
b . a  1 .4  D .o  i o  d a  i - l
C bbA  O U T  GsaO 03 3 4  C a M  03 4 9
Aft. I O E t «  Aft. I J M 1  A * . I . « t « a
T ta tf . Tm oa ie a to a ioNaj-M a«7, nos-n ojo noon osz
•04 4S 00441 0044#
A l 0 1 4  Al 0 3 4  Al O X
A* BOL A* BDL A aB D L
C t  M C a l l  C» si
0 4  SD L  CO B O L 0 4  SOLa n t  cbin cbBol
C t  O K I  O l  0.111 C O O K S
F t 0 3 0  Fa 0 4 1  F t O I*
M | 1.0 M | 1 0  M | I  t
M* 0 M 3  Ma 0 1 * 4  Ma O f f#
Mo SO L Mo BDL Ma SO L
Na I I  Ma *1 Na 10
M l H .  N I K  M  SOL
I *  BDL I t  BDL FO BOL
■  19 M 13 ,  B B
Ot OKO Or 0 * 0 0  I r O V Sti am. tioooo A mooio
Za O i l !  t a o a t o  C f i *  I 8 &  ____________________________ Z a 0 4 B 3  _




G W 3 m s- o w i
am- ow i O ftf tS
|MftB D A  * 7
n o  i.4 C M  0.462
CoaO. I l l A ft. I  IBtia
A f t- lT E tO l T a a *
T t ^ a  io
a  *7 NCO-N 4 3
NQS-NBDL K M L I B t t t
9 0 4  MEMO Aiaao
A l O * A t  BOL
Aa 0 1 0 O K
C t 130 CO BO L
COBOL O  SDL
C a BOL 0 0 0 4 4
COBOL f t  17
F t 1 O E M M | 11
M | 41 M i 4 4 0
Ma 0  4* Mb o a n
Mo 0 1 3 Na 30
Na 191 M  BOL
M  BOL IB  BEL
10 BDL •  IS
M *1 I r  0 41
f t  131 11 BOL
Tl SOL Z a t I S




f H U  
n a  i.<
CaaO 0334  
Aft. l.4EtO* 
T a -Oa io
M S -N O 4 0  
0 0 4  SO 
Al 0 2 9
Aa b d lCi 37 
0 4  BDL 
C b BOL  
CM 0 1 9 0
F t 0 3 7  
M | 7 1






0 ( 0 * 0 4  
n  oooa 
Z a oaoo
1 Meter
DIB- OW 4 IM S. O W I
fH  OS |M  0 7
D A  1.7 D O. 7 0
O a t  1152 C bal. 101
Aft. 0 4 E t0 l A ft. OMmS !
T aa*. T a a *
a  r Q  34
Nno-N BDL NrtJ-N  0 0 9
K M  7  K * 0 2 O O O tO aO * .
A IO M A I O «
Aa O i l Aa 0 3 3
C t  I K Ca n o
c o r n s . CO BO L
Cb  00 4 4 c a  BOL
CO BO L C a BDL
F t 19 H i J M a
M | 34 M | 41
Mb n i Ma 346
M o O i l M a 031
Na IB . Na K
*  M BDL NI BDL
IB  BDL I k  BDL
M B 01 a*
Or 134 1(0100
U  BOL It BDL




I I I *  B B I * R 1 *  SWU
|M  7 1 pH 1 1
D O. U D O  L I
C M C M
A *  I T E M A k . t « e * « i
Too*. I l l T o t *  ISLI
a ii . a  i i
NOON 100 N D *N  I -01
SO* *0.4 . IO *  M S  .
Al BDL - Al BOL
Ao BDL Ao BOL
Co 41 CB4C
C t  BOL COBOL
CB BM . C o BDL
C o O I J I C o k i l l
r «  O JI N I B
M | OS M | S  O
Mo 0 0 9 Mo S T M  -
Mo BDL Mo BOL
No » N *SS
M  BDL - M  BDL
IB  BDL IB  BDL
M 14 a  i s
a  0151 a  0.157
. 2 5 '  c f s * M
Tl BOL 
Z s k T M
GIVI
in*- o w i
D O  I I  
C M  
A *. 4 I E M  
Ttoop I I *  
a  i
NOO-N BDL 
SO* ) C < ( I I  
Al * 1 1
a s  a n  
C i  I'M  
C l  BDL 
Co BDL 
CB BDL 
F t M E M  
M | 41 
M # * J 7  
M o o n 
No ts i  
M  BDL 
f% BDL
a  a
a  i J 7  
ntoio 






Too*. U  S
a  40
W O-H B M .
SO* I N M I  . 
Al BDI.
Ao BOL 
Co n  
C l  BDL 
C o BDL 
CB 0 (0 1  
F t 1.0 
M | 8  
Mb LB*





a  B D B
Tl BDL 
S s  0.411
SWII
- fri IIGW3
’ N I *  O W I 
|M L T  
D Oi L I  ^ 
Coo*.
- A k  l.4E t01  
T n o *  111
a  I I
NQS-N i  n  
s o *  O S  
Al M l  
A* BDL 
Co 46atmUi 
C o BOL 
CBOOSI 
F t  a i o  
M | IS  
Mo 1*0  
M s BDL 
No U  
M  BDL 
IB  BDL 
M l *  
a  M B *
- . I t  BOL 
Z s S J I B
nt* s w i n  Mm
n a  u
C M







C i  B M .
CB BM . 
C B S  I tS  
a  A M  
M | SB  
M okTSO 
M s BOL 
Mo 10 
Ni BDL 
IB  B M .
a a i s *
I I  BDLbain
1 Meter
m *  o w * i n *  o w s
I H L I M IL T
n a  k * o a k *
C M C M
A k . i j R s k t A k . I.SEtOS
T o o *  11.7 T w o  141
a  i s a  i s
NCM-N BM . NtM-N BDL
SO* 7 .« ;* k l i o *  i . * e t «
Al BIB Al 0 1 7
a * a n A o k JO
Ch I S Co I S
C l  BOL C l  BDL
CB 0.0*4 CB BDL
CB BDL CB BOSS
a  7* F t J 4 E * «
M| H M|40
m  i n 1 M0 1 I J  .
M s B ill '  M o 0 4 0
No I I No * J
M k « ' NI BDL
K  BDL K  BDL
a  14 a a
a  m a  k 7 M
H  BDL I t  BOL







8/28/95 •nit *wi nit awn
M l 10 an ii
0  a  7.7 D O U
0 * 4 . 090$ 0 0 .1 4 * 4At I.StOl At IJErOB
T « i *  114 T w o  I M  '
a  17 a n
HOl-H 1.0 HQJ-N I.7B
KM 100 K N MAim AimAim Aim
O  M 0 9 4cam 04 m
OBDL d m
O B II* 0 1 1 7 4
Ik O i l 1 114
Ha 19 mb »
Mi IJ Mi 17
Mi B0C Mi BOL
N i 77 Hill
W BDL m m
TOBOL K in.
K  U *  a
«• 0 9 » fc 0JI4
T l BDL t i  m
Z a 0407 Z i i M
owi SWI SW1I
C W 2*
l i l t  O W I n n o w ]
. pH 7.0 pH 70
D.a BO a a  u
CM 1.499 OM 1.444
A t A t  4M*m
Tnp I I J Tnt 110
a  ta a o t
NOJ-N m H aJ-N  m
K M  ( 0 0 * 0 4  7 .0 4 0 !
a i  a m Al BDL
' A i 0.17 A i m
O 1*7 O 114
ci on. C4 BDL
o m O BDL
o  BOW OBDL
F i l l F i  14
M a 47 Mb 17
'  M i I I M i l *
M iO U B M iO .a u
N i IBB . N i  111
n i  m M  BOL .
OBDL n m
Ml* M 19
Or 1.47 Br I.M
T i m Tl BDL
Z i i M Z i  0 0 7 ]
QWJ 
m t owi' 1* M
• B lO  )  .7 
O M  M i l  • 
A t .  M M |  
T w ^  I I T 



















D O 7.9 
( M U M  
A t  i c m j  
T«»* 114
a  i t
HOIH 1.71




O O I 0  
h i l l  





l i l t  Q W 4 
1 * 1 4 4 ,  
DXk 1.4 
0 4  1.499 
A t  l a w *  
T m *  t t *  
a  13 
N O O M m  
k m  i m * m  
A i m
A i i a e




M i M i l  . 
H i  77> M m  ' wm
M M■ klHn m
Z i l 4 U
A
ppendix
SILVER BOW CREEK 
TRANSECT IIIC
m e -  o w i 8 / 3 1 / 9 5 m e -  o w n
pH 7.4 pH 7 7
o a t s D a  B.9
Goal, o m Cba4 o m
A ft. 1 2E«<n A f t  I 2E«01
T t a p  141 T w p i |4 1
a  i s a  13
NOl-N 163 N Q JN  1.61
3 0 4  97.1 3 0 4  9 71
A l BDL Al BDL
A t BOL A t BDL
C4 f t C H S
C 4B D I. C4B D L
Cb BDL Co BDL
C t  01 7 9 C l  o r a
F t 0 1 9 F t 0 1 3
Mg I I Mg 12
M l 1 11 M t 1 11
Mo BDL Mo BDL
Na a Na M
NI BDL NI BDL
IB  BDL I t  BDL
SI 11 Si 11
f t  0191 St 0194
11 BDL 
I Z i  1.14
^ -------- ' ---------------- — f i f s
Tl BDL 
Z l  I II
CW2
8WI
m o  O W I IIIC - O W I
pH 0 7 pH 4 4
D .a  i i oa io
C o a t  1744 C o a l  0973
A ft. O B tO 2 A ft. 040*01
T a p  IL 4 T t a p  110
a  47 a s
N 03-N BDL N a L N O O
9 0 4  136*03 3 0 4  414*02
A IO O I A I 0 I 1
A t 0 4 6 A t BOL
C l 194 Cb 104
C 4B D L 0 4  BOL
c i a a » C bO G M
C b 0011 CbOlOO
F t 90 F t 17
Mg 40 Mg 14
Mb  M l M i 4 7
Mo 011 9 M i a a a
N t 130 N i 94
M  BDL NI om
n  a m i f b  BOL
S I M 31 19
f t  122 f t  00 4 3
11 BDL n BDL





m e .  s w m  
pH 7 0






3 0 4  102 
Al BOL 
A* BDL 
C l  31 
C4 BDL 
Cb BDL 
Cb 0 1 6 6  
F t  0 1 9  
Mg II  
Mb 1.10 
M a BDL
U I&  O W 4 mo- a w g  
pH f t*  pH * 7
o a  L i  d o  i . i
C bai. B lCn D M  ( 8 9  .
Aft. I J S t O l  A ft. 1.2E*4a
TaajL 117  t a p  11.0
a  IP  a  10
N a m  a i l  n o u n  b d l
3 0 4  79.1 3 0 4  104
Al O S  A l BOL
As 0.14 A t O JP
C .  65 Ca 64
C iB O L  COBOL
C b BDL O b BOL
CO OOO '  CO 0011  
B i l l  F t  10
Mg 15 Mg I I
M a M l  M . 103
M s 00 4 4  1 1 .0 0 4 1
N s M  Na 11
NI BOL M  BOL
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Mixing ratios for tra isecti at Site 1
A vw age
M a LA □  - In a  in M g In M g In N a In N a  In C a  Hi C a - tn S am p le X  G W  I r a n
In  SW SW IIA C W 5 SW IIA G W 5 SW I1A C W S SW IIA G W 5 M a w a te r  ID a  m ix  raL M g m ix  rat. N a t r i u m C a t r ix  m C a M g . N l
I1A 7 /6 /9 5 2890 103 26 8 7 54 19 65 4 1 9 330 7 /6 /9 5 IIA G W 2 4 3 3 174 274 1 74 2 0 8
IIA 8 /3 1 /9 5 790 1 75 119 2 83 54 7 /6 /9 5 IIA C W 3 0 0 0 2 ' 0 4 11 0 6
7 /6 /9 5 IIA C W 4 40 8 71 135 7 5 9 4
IIB 7 /6 /9 5 2890 12 91 196 4 33 7 /6 /9 5 I1A-CW5 1000 100 0 1000 to o o 100.0
IIB 9 /4 /9 5 790 1 59 119 28 518
8 /3 1 /9 5 IIA G W 2 0 0 3 3 41 8 2 0 3
IIC 9 /4 /9 5 790 159 11 9 28 5 1 8 8 /3 1 /9 5 I1A G W 3 141 2 9 2 2 2 0 2 4
8 /3 1 /9 5 I1A-GW 4 1 29 14 3 5 2 6 0 8
---- ------ ___ ------ ---- ----- ----- --- ------ 7 /6 /9 5
7 /6 /9 5
IIB GW 1 











7 /6 /9 5 IIB C W 3 3 6 1 8 0 4 0 9 1 0
7 /6 /9 5 IIB GW 4 3 0 0 2 2 0 3 6 3 198 261
7 /6 /9 5 U B G W 5 6 4 3 8 7 4 49 261 2 6 6
----- ------ ---- ---- ---- ----- ----- 9 /4 /9 5
9 /4 /9 5












9 /4 /9 5 IIB-GW 3 2 0 0 2 0 0 0 3 0 0
9 /4 /9 5 IIB GW  4 2 0 5 0 115 5 5 0 0
9 /4 /9 5 IIC G W 2 3 0 5 7 122 8 0 0 6
9 /4 /9 5 IIC C W 3 a o 0 0 11 0 2 0 4
9 /4 /9 5 IIC-GW  4 4 0 ■05 2 7 -0 3 0 6
Mixing ratios for transecti at Site 11
A verage % G W
T ra m e d M e LA a In a  In M g In M g In Na- In N a  In O b i C a  In S am ple Subaurfaoe I r a n  C a  a i d
I n S w ] SW c w SW C W SW C W SW  . C W M a w b r  I I ) □  mix. ra t M g  m ix. r a b t N a r r ix  r a t C a t r i x  ra tio M g ra tio s
76 61 210 245
IIIA 8 /2 8 /9 5 850 1 77 131 2 74 57 7 8 /2 8 /9 5 IIIA G W l 8 7 8 9 5 8 90 7 96 3 9 6 0
8 /2 8 /9 5 IIIA G W  2 34.5 5 0 9 414 5 7 8 54.4
IIIB 7 /1 1 /9 5 5180 9 7 8 2 06 36 5 8 /2 8 /9 5 IIIA-CW  3 2 4 2 9 3 8 2 7 2 8
IIIB 7 /1 7 /9 5 3230 10 9 7 20 45 8 /2 8 /9 5 IIIA G W 4 1 17 4 02 2 49 32 2 4 02
IIIB 8 /2 8 /9 5 850 1 7 6 129 27 57 3
7 /1 1 /9 5 IIIB G W l 8 6 6 6 6 0 731 6 4 0 6 5 0
IIIC 8 /3 1 /9 5 790 175 115 27 8 5 2 6 7 /1 1 /9 5 IIIB GW  3 7 5 105 4 8 9.4 100
7 /1 1 /9 5 IIIB-CW 4 26 9 521 30 4 S 3 0 5 25
7 /1 1 /9 5 IIIB GW  5 4 3 3 6 4 3 3R2 50 8 6 1 5
7 /1 7 /9 5 IIIB G W l 63 2 73 2 6 4 5 6 18
7 /1 7 /9 5 IIIB G W 2 45 5 2 5 9 31 2 2 5 9 2 5 9
7 /1 7 /9 5 IIIB G W 3 3 5 1J> 11 0 7 0 8
7 /1 7 /9 5 IU B G W 4 2 3 0 51 7 3 19 5 3 5 5 26
7 /1 7 /9 5 IIIB G W S 2 2 7 SOS 38 5 5 3 5 5 6 0
8 /2 8 /9 5 IIIB G W l 85 4 701 672 6191 6 9 6
8 /2 8 /9 5 IU B G W 2 75 5 28 3 4 64 31.3 29 8
8 /2 8 /9 5 IIIB G W 3 3 6 17 4 8 0 164 171
8 /2 8 /9 5 IU B C W 4 125 482 272 441 461
8 /3 1 /9 5 1IIC G W 2 4 96 50 4 561 52 7 55 S
8 /3 1 /9 5 IU C G W 3 7 5 253 155 26 7 2 6 0
8 /3 1 /9 5 II1C G W 4 2 4 6 1 2 0 6 3 6 2
8 /3 1 /9 5 IIIC G W 5 22 1 2 26 5 7 1 5 s
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Full listing of hyporheic zone samples with dissolved oxygen, nitrogen-N, 
and sulfate concentrations lower than (and alkalinity levels higher than) 
surface water and groundwater samples:
t#ss.
.  ^ • v -.., S p i f f ■ p i s s i i
W m S
m m m
m m M W m $M
Site I
IB-GW1 (6/26/95) 0.5 BDL 15.3 7.6E+02 6 0.9- 1.0 54-55 1.0E+02
IC-GW1 (6/28/95) 1.9 BDL 1.88 N A 6-7 0.9 51-52 1.5E+02
IC-GW2 (6/28/95) 2.1 BDL 24.9 Z0E+02 6-7 0.9 51-52 1.5E+02
IA-GW1 (7/19/95) 1.3 0.1 37.8 3.4E+02 6 1.1 73 1.7E+02
IA-GW2 (7/19/95) 1.2 BDL 28.9 5.7E+02 6 1.1 73 1.7E+02
IB-GW1 (7/19/95) 0.8 BDL 21.9 N A 6 1.1 73 1.7E+02
IA-GW1 (8/24/95) 1.8 BDL 69.2 1.8E+02 7-8 1.6-1.7 90-96 1.3E+02
IA-GW2 (8/24/95) 1.5 BDL 36.4 3.7E+02 7-8 1.6-1.7 90-96 1.3E+02
IB-GW2 (8/27/95) 1.3 0.76 63.2 1.4E+02 7-8 1.9 100-104 1.2E+02
IC-GW2 (8/27/95) NA 0.14 31.9 3.4E+02 NA 1.9 101-103 1.2E+02
IC-GW3 (8/27/95) NA 0.08 62.1 1.4E+02 NA 1.9 101-103 1.2E+02
IA-GW1 (9/27/95) 1.8 BDL 68.1 Z1E+02 7 1.9 108 1.3E+02
IA-GW2 (9/27/95) 1.6 0.14 51.4 3.4E+02 7 1.9 108 1.3E+02
Site 11
UA-GW2 (7 /6 /95 ) 2.0 0.09 7.61 N A 6 0.7-0.9 60-63 1.3E+02
IIA-GW4 (7 /6 /95 ) 1.3 BDL 25.8 3.4E+02 6 0.7-0.9 60-63 1.3E+02
IIB-GW2 (7 /6 /95 ) 1.3 0.60 56.4 1.5E+02 6-7 1.2 62-67 1.4E+02
IIB-GW4 (7 /6 /95 ) 1.1 BDL 9.25 2.7E+02 6-7 1.2 62-67 1.4E+02
IIA-GW2 (8/31/95) 0.6 BDL 17.8 3.8E+02 8 1.6-1.7 102-104 1.2E+02
IIA-GW4 (8/31/95) 0.9 BDL 55.9 Z6E+02 8 1.6-1.7 102-104 1.2E+02
IIB-GW1 (9 /4 /95 ) NA 1.38 87.1 1.2E+02 NA 1.9 101 1.1E+02
IIB-GVV2 (9 /4 /95 ) NA 1.27 83.3 1.6E+02 NA 1.9 101 1.1E+Q2
IIB-GW4 (9 /4 /95 ) NA BDL 16.4 3.8E+02 NA 1.9 101 1.1E+02
IIC-GW4 (9 /4 /95) NA BDL 27.3 NA NA 1.9 101 1.1E+02
Site III
IUC-G W4(8/ 31 / 95) 2.1 0.73 79.1 Z3E+02 8-9 1.5-1.6 97-102 1.2E+02
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Transect-scale trends in surface w ater chemistry:
A simple and quick measurement of groundwater infiltration into the surface water 
was measured directly with the specific conductance meter. When the meter was placed 
directly against (but not into) the stream bank, significantly higher specific conductance 
was measured where water data indicated that ground water was infiltrating.
/fa SW cepter *  • itf
Spec. Cond. (mS/cm) 
^ 'v ^ ^ g a in s^ .cr i^ n ;
IA (2/26/95) 0.220 0.290 0.950
IA (5/15/95) 0.200 0.220 1.20
IB (5/15/95) 0.210 0.290 1.50
IC (5/15/95) 0.210 0.220 0.370
IB (8/27/95) 0.498 0.625 1.95
IIIA (8/28/95) 0.510 0.640 (E bank) 2.23
IIIA (8/28/95) 0.510 0.599 (W bank) 1.24
Table 6: Examples o f  specific conductance measurements o f water along the creek banks, 
as compared to those o f the surface water in the central portion o f the creek channel and to 
nearby groundwater.
This was found primarily on the east bank of Site I, where piezometeric data indicate 
groundwater is flowing into the creek from the east side. When the specific conductance 
meter was placed in the surface water, right up against the east bank, higher measurements 
were recorded. The most striking example was measured on 8/27/95, when the specific 
conductance in the central portion of the stream channel measured at 0.498 mS/cm, 
whereas along the east bank it was measured 0.625 mS/cm. The suspected source for this 
elevated level, the groundwater within the east bank, was measured to have a specific 
conductance of 1.95 mS/cm. The 95% confidence interval for the mean error associated 
with specific conductance measurements was calculated to be 3.4%, and thus these 
differences observed in the surface water are significant. Such measurements indicate that 
it is possible to directly detect the high-conductivity groundwater infiltrating the creek, at 
least along those portions of the creek where the differences between the surface water and 
ground water specific conductance values are large. Although the measurements are not 
useful in indicating the type and concentrations of the specific ions are moving into the 
surface water system, they are useful in detecting locations of ground water movement into 
the creek.
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A a a lp is
T im e Al As Ca Cd Co C r Ca Fe Mg Mb Mo Na Ni P pb Si Sr Ti Z a
BLANK 1/24/96 8 45 0.003 -0 021 0.001 0.0011 00004 0 0005 0 0023 0.003 001 0 -0 0011 0 009 -0 004 0 02 0 014 0 034 00003 -0.0002 000)2
ftSTR B LA N K l 1/24196 8:48 0.023 0 011 0 00006 0 0046 0.0086 0.0027 0013 0.03 5E-04 0.0034 -0.013 0 0Q5 0.08 -0 005 0029 0 0002 0 00071
ft STR.BLANK2 1-24/96 8:50 00 )3 0018 0 00006 0 0016 0.0077 0 0012 0.01 002 0 0.0005 -0009 -0 001 0 0 8 ooas 0 028 0 0 0004 00051
&-BEADBLNKll.0Q22g 1/24A6 ft 54 405 0.016 021 I 0 0001 0002 00067 00019 0 024 0 157 0003 00006 0 031 0.001 0.11 0 005 0417 00012 00065 00049
* BEADBLNK2;0 9939g 1/24/96 8.57 227 003 0249 0.0007 0.0008 0.0147 0.0008 0.017 0 116 0005 -0.0003 0 043 -0.001 0 0 9 0 002 0.377 0.0015 0 0066 0.0022
BLANK 1/24/96 9 09 002 0003 0 006 0 0.001 0.0011 0.0027 0001 0.014 0 -0.0011 0006 0003 0.09 -0 026 -0.007 0.0003 0 0.0035
U SG STI07 1/24/96 9 13 025 0 13 00183 0.0123 00263 0 0329 0 061 2-27 0 052 00159 229 0 027 0.14 0 033 4 16 00649 0 0025 0 0906
USGS T i l  7 1/24/96 9 17 0 106 -0.006 233 00033 0 0067 0.0234 0 0077 052 11 0243 0.0154 22 0.014 0 3 7 -0006 621 01779 0.0027 0.2034
8-BLANK 1/26/96 9:06 0 004 -0 009 0 0.0001 2E-04 0.0019 -0 001 -0 004 0 0 0.0019 o.ot -0.005 0.02 0.003 o.ott 0 0002 0 0.0002
USGST107 1/26/96 9 08 0136 -0 011 12.9 0.0173 00142 0.0276 00301 0.061 1 2 6 0.052 0.0156 22.7 0.029 0.05 0017 4 14 0 0645 0.0022 00887
USGST117 1/26/96 9:12 0.092 0.01 232 0.0032 0.0055 0.0274 00053 0517 11 0241 0.0132 219 0.006 0.27 -0006 6.24 0178 0 0025 0 1988
USGS T-91 1/26/96 9:15 0413 -001 27.8 00397 00131 0.0196 0 997 0313 11.1 2551 00014 623 0018 0.08 0.009 7.37 0.123 00018 6.276
USGS AMW 2 1/26/96 9:18 20.5 -0 028 339 0 1393 0 1458 03491 4.939 102 1 1 6 , 92 03 0 1445 252 0.247 0.51 0 037 23 1424 0.0148 47 61
8-BLANK 1/26/96 9:28 0006 -0012 0.006 IE-04 0.0009 0.0357 -0 002 -0.003 0.007 0002 00021 0 07 -0.004 0.14 0 002 -0 004 00015 0.006 00009
8-ST1LBLANKI 1/26/96 9:31 0 017 -0.005 0053 2 E 0 4 D.0011 0028 -0.001 0.032 0.06 0.001 -0.0009 0.052 -0.004 0 14 0 0.071 0.0008 0.0022 0.0038
B-STR BLANK2 1/26/96 9 3 4 0 065 -0.017 0 084 - IE-04 0 00)7 0036 0.001 0 041 0.366 0001 -0 0004 0 125 -0 002 0 17 -0 006 0.206 0.0014 00065 0.0022
S-STTR-BLANK3 1/26/96 9:37 0.011 0013 0065 0.0003 00009 00289 -7E 04 0 032 0 057 5E-04 0.0012 0.12 0.017 0.14 -001 0.079 o.oot 0.004 0.0162
8-BLANK 1/26/96 9:40 •0 003 0.005 0.006 -6E-04 0 0009 00389 -7E-04 -0 004 001 7E-04 0.0024 0.06 -O.OOl 0.18 -0001 0.002 0.0017 0.0076 0.0007
8-BEADBLANK3 1/26/96 9:43 3 -0015 0.676 0 0006 0 0017 0.0323 0.001 0.036 0.169 0.009 -0.0011 0175 -0.006 0 17 0 002 0.777 0 0042 0.0143 0.0028
8-IC-l 0-8cm 1/26/96 9 4 6 4 1 0095 1 81 00037 0.0019 00366 1 107 351 052 0.395 0.0031 0.394 0.049 0 72 0.141 1 68 0015 0 0474 1 355
8-IC-l 8-11  c a 1/26/96 9:50 423 0.116 22 8 0 0057 0 003 00404 05275 591 0841 0.958 0.007 0 728 0.146 0.99 0214 147 00188 0 0347 1 601
8-IC-l 11-30 c a 1/26/96 9 5 3 365 0.022 1.61 0 0031 0.0015 0.037 0.9004 153 0.83 0.706 0.0006 0.991 0.069 0.46 0 097 0.873 0.012 0.0275 1.973
8-1C-3 0-9 5cm 1/26/96 9 5 6 506 0.063 2 00Q57 0 0008 0 0371 1.512 393 0536 0504 00066 0667 0.103 0.75 0 188 1 87 0.0162 0.0419 1599
1H C -395 2lcm 1/26/96 1000 4 56 0.016 1 42 0.0021 00008 00403 0.9113 2 81 0.426 0262 0.003 045 0041 0.45 0 065 113 0.0101 0.0358 05246
USGST107 1/26/96 10 03 0.226 0002 136 00187 00157 00776 0.0294 0 063 2.28 0.054 00132 22.3 0034 0-28 0 039 4 34 00644 00116 00969
USGS T l 17 1/26/96 10:06 0.07 -0.01 23.8 0.0027 00047 0.0688 0.0035 0513 10.7 0243 0.0115 20.6 0.009 0.49 0 6 32 01654 0.0112 0,2086
8-1C-3 21 -32cm 1/26/96 10:09 113 0 027 1.25 0.0044 0 0011 0.0422 1 108 13 2 0555 0207 002 0386 0059 0 47 0.065 3.01 0 0095 0.0506 0.7684
8-1C-3 32-42cm 1/26/96 10:12 5.96 0.014 122 00025 0.0004 0.0386 0.951 5.41 0529 0.327 0.0052 0543 0 065 0.37 0 063 146 0 0084 0.0344 06865
8-IC 1 30-42cm 1/2&96 10:15 463 0468 265 0.0245 0.0034 0.0556 3.598 604 0.752 1.29 00861 0.879 0.317 8.7 0.244 361 0 0535 00358 4.367
8-1C-2 0-M em 1/26/96 to. IS 3 13 0 055 2.45 0.0066 00017 0 0432 1.424 3.65 0575 0.609 00041 0.397 0 109 0 7 9 0.156 1 86 00196 00456 2.093
8-IC-2 14-lftcm 1/26/96 10 21 108 0 124 268 00098 0 0027 0 0429 1 773 5 43 1 03 0.71 0 0067 0 758 0.045 0 8 6 0 329 2 69 00233 0 0617 1.618
8-IC-2 l8-32cm 1/26/96 10:24 474 0 8 5 3.35 0 023 0 0036 00573 2 53.8 0.966 1567 0.0749 0.894 0052 5 9 0187 4.22 0.0483 0.0391 4512
8-IC 2 18-32cm (2> 1/26/96 10:28 5.86 0 758 2 8 0 0202 0 0017 00522 2 486 1 03 1 478 00647 0934 0.03 5 4 0.241 395 00432 0.0358 3 945
8-IC-2 32-41cm 1/26/96 10:31 2.73 0 1 37 0.0042 0.0009 0 0431 0 352 1.4 0.431 0.34 0 0028 0 57 0.199 0.49 0 047 0 762 0.0097 00239 0.6602
8-1B-1 0-Acxb 1/26/96 10:38 6.97 0.034 I 76 00147 00051 0 0476 2842 2 61 2.95 3352 00037 293 0005 0 8 7 0093 1.61 0015 0.0331 5522
8-1 B l 0-8cm{2> 1/26/96 10:41 336 0.014 196 0.0153 00051 0.0527 2 91 3.05 281 3253 00041 305 0.007 0.98 0.105 1 38 00169 0.0297 5593
8-IB-1 OAcmDUP 126/96 10:43 37 1 0023 1.95 00137 0.0055 0 0528 2.829 2.87 3 79 3259 O.OQ53 301 0008 0 9 0.086 4 3 9 00163 00803 5526
8-tB I 8  12cm 1/26/96 10:47 545 0 158 19 0.0093 00025 0.0437 1 366 10.1 0.821 13 0.011 0.798 0003 2.1 0101 1.63 00236 0.0347 2.476
8-BLANK 1/26/96 1050 0012 -0 023 0.01 0.0008 0 0006 OOS62 -0 002 -0 002 0.02 5E-04 -0.0024 0 13 -0.003 0.3 -0 004 0 00023 0.0094 0 0Q25
S IB -1 12-I6cm 1/26/96 10:53 2.61 0 004 144 0 0028 0.0015 0038 0291 0757 0.396 0252 -00008 0504 -0 003 0.43 0.053 0.895 0.0109 00249 0.7794
8-BLANK 1/26/96 10:56 0.015 -0 02 0012 3E-04 0.0009 0 0555 -7E-04 -0004 0.004 2E-04 -o.oot 0112 -0.001 0 3 2 0.006 -0.002 00023 0.009 0.0024
USGST107 1/26/96 10:59 0226 -001 136 0.0188 0.0138 0.0847 0.029 0.058 222 0.054 00137 22.2 0.031 0 36 0 011 4 2 6 00641 0.0123 0.0974
U S G S T I17 1/26/96 11:02 0.094 0.007 24 0 0032 0.0051 00756 0.0042 0521 10.6 0248 0.012 21.3 0.01 0.56 •0002 6 3 9 0.2674 00119 0.2131
8-1B-1 16-21cm 1/26/96 11:05 3.31 -0 032 1.01 0 0011 0 0.04QS 0.1947 0358 0.275 0 128 0.0003 0321 -0.003 0.37 0 036 0.819 0.0076 0.0206 0.4695
8-IB-22-32ca 1/26/96 11:08 885 0008 151 00019 00021 0 0427 04582 0517 0494 0205 00001 0455 0002 041 0.047 1 33 0.0099 0034 0.6558
8-IB-l 3 2 A 1 5 1/26/96 11:11 5.86 0.004 1.74 00022 0.0021 0.0409 0.6104 1.44 0.606 0.364 0.0007 0687 0.001 0 46 0.069 1.38 00132 0.0372 0.6388
8-ffl-1 8- 12cm DUP 1/26/96 11:14 21.1 0.123 224 0.0107 0.0017 00489 1339 10.1 1.24 1296 0.0138 0.872 0.007 2.2 0107 3 3 9 0.0254 0.0692 2.451
8-1A-3 0-10cm 1/26/96 11:17 4 4 3 0.09H 2.18 0.D122 0 0027 00458 3-566 6 93 1-33 1.641 0 0066 194 0013 1,5 0117 2 33 00225 0 0474 35 9 6
8-1A-3 l0-20cm 1/26/96 1120 542 0 1 3 1.7 0.0126 00021 0.0432 2 655 15.1 1.35 1543 0.0178 2.02 0t3I 0 87 0112 302 0 0144 0.032 2.692
8-1A-3 20-3 lem 1/26/96 11:23 5 7 0.001 1 76 00132 0  0025 0 0458 1483 1.13 2 1 967 00006 2 06 0.016 0.6 0.093 113 0.0127 0.0278 3091
8-IA-3 31 -42cm 1/26/96 11:26 5 8 0019 3.44 00047 00025 0.044 1.077 1.12 1.32 1082 0.0017 122 0 14 0 44 0.065 1.61 0.0151 0.0376 1 773
8-1A-2 0-12cm 1/26*96 11 30 3.7 0 074 2.47 0.0084 0 0025 0.0455 3 386 707 I.OS 1.333 00092 145 0.045 15 0203 2 31 0.0241 00481 2A7I
8-IA-2 0-l2cm !2) 1/26/96 11:33 5.92 0096 267 0 0091 0 0015 00481 3688 6 127 1461 00091 1.55 0001 1.7 0.196 2.91 00261 0 0557 2 778
S-IA-2 12-15cm 1/26/96 11.36 12 1 0232 2 12 0.0162 2 E 04 00448 6.275 2 66 0601 0674 0 0396 0833 -0 003 2 4 0139 8 1 6 00216 0.0286 3.171
8-1A-2 15-23 cm 1/26/96 11:39 2 08 0085 1 94 00088 00013 00S16 3 66 42.1 0732 0.76 0.0627 0962 0 13 0601 lift 00171 00324 2601
8  BLANK 1/2696 11:44 0007 0032 0.012 0.0014 2E-04 0.0484 0.002 0003 0.012 2 E 04 -0 0022 0 107 0 001 031 0035 0005 00021 0.0087 0.0027
B-lA 2 23 335cm 1/26/96 11 47 106 0 043 4 74 0 006 0 0011 0.0482 2.198 2 63 0 786 0.709 0.0417 1 19 0006 071 0.338 4 87 0 025 0 0354 1.345
8-LA-2 0- 12cm(2) OUP 1/2696 11 50 12.7 0093 2 89 0 0092 0 0019 00556 3645 8 2 1 48 I 454 0.0078 158 -0 005 1.7 0.187 4 4 7 00272 0.0796 2.751
ft-IA-2 23 33 Je m  (2) 1/2696 11 53 102 0 039 4 16 0 005 0 0006 0.05 2 189 2 7 7 0 652 0591 0044 0983 -0 003 0 73 0 301 4 84 00219 0 0304 1212
8 -1A-2 33.5-42cm 1/2696 11.56 959 0.044 I 81 0 0045 00008 0 0624 2.151 38.1 0.76 0683 0.0591 1.12 0003 063 0.327 3 13 00143 00329 1227
U SG STI 17 1/2696 11:59 0 082 0007 25.6 00039 0 0047 00935 00015 0558 11.2 0263 00109 22 6 0 008 0.65 0016 68 2 0.279 00155 0.23
USGST107 1/2696 12:02 0.219 -0 009 135 00183 0 0118 0.0832 0.0287 0066 22 0 053 0012 224 0036 0 38 0.012 4 1 6 0.0637 0013 0.0972
ft-UA-3 0-8_5cm 1/2696 12:05 20.7 0 053 2 19 0 0029 0 0009 00448 1 32 4 62 0812 0289 0 006 0 33 0 006 095 0 138 401 00189 00734 1123
ft-tlA-3 85- 13-5cm 1/2696 12.08 7 15 0.432 394 0.0074 0 0008 0.056 0.9751 5 4 5 0 4 5 0364 0.0763 0301 0.001 4 7 0 172 4 15 0 0552 0.0358 1.045
8-I1A-3 135-2 15cm 1/2696 12:11 7 78 0 031 147 00013 0.0003 00426 0 2464 2.74 0 348 0 089 0.0034 028 -0 007 0 8 9 0 065 1 26 0.0134 00316 02547
8-HA-3 135 2l5<2) 1/2696 12:14 719 0019 1 72 00012 0.0003 0.042 0.217 2.26 0.35 0.084 0.0003 0346 0 0 77 0 039 1.38 0.0141 00315 02668
8-1IA 3 2 1 5  295cm 1-2696 12 17 6 15 0 006 13 00004 0 0017 0 0379 0.1664 0 769 0306 0Q59 -00012 0307 -0.002 0.43 0O46 111 0.0096 0 0278 03845
841A-3 30-41cm 1/2696 12 20 4 87 0008 154 0.0004 -0 001 0.043 0.2673 0 743 0.261 0.065 00001 0.291 0.001 048 005 1 13 0.0101 00293 0 3044
8-UB-l 0-8cm 1/2696 12:23 3 IS 0035 2.02 00035 0 0011 0 0409 0.9687 3.12 0.381 02 2 J 00016 0 314 0038 082 0.132 1 68 0.0165 0.0363 1 026
USGST107 1/2696 12 26 0223 -0,001 14.1 00189 00127 0 0926 0 0312 0.066 2 29 0 056 0.0178 23-5 0031 0 42 0 009 4.48 0.0663 00145 0.1038
8-I1B 3 0-7cra 1/2696 12 29 435 0 058 2.1 0 0024 0.0013 0 045 0 7931 2.82 0539 0299 00002 0689 0 007 0.86 0 107 1 97 00159 0 0381 0.8523
8 I1B 3 7 15cm 1-2696 12.32 4 63 0 169 241 0.0044 0 0006 0 0438 0 6211 4.17 0448 0202 0 0041 0525 0.002 082 0247 2.02 00205 0QS46 2 829
8-UB-3 15 25cm 1 2696 12:35 325 0 038 157 0.0012 6E-04 0.0432 02882 14 0294 0.077 00023 0422 0001 058 0077 1.21 00116 0034 05612
8-IIB-3 25-41cnj 1 2 6 9 6 12 37 8.25 0004 224 0 0019 -0.002 0 045 0.2478 1.4 0472 0.092 -0.0036 0469 -0.005 0 46 0 082 1 81 0.0144 0.047 0.2702
8-OB 3 2 5 -41cm (2) 1 2 6 9 6 12:40 257 0 025 1 48 0 00) 1 0 0017 00395 0 7223 1.14 0.231 0.077 00005 0333 -0 0Q2 041 0.07 1 09 00103 0.0293 02377
8-IIC-l 0-11 cm 1 2696 12 43 801 0 044 2.44 00034 0.0004 0038 0946 3.1 0521 0347 00013 0478 -0.002 0.81 0 137 253 0.018S 0.0485 1 043
8-nC-l O - llc m a ) 1 2 6 9 6 12:45 508 0 047 255 00031 -61--04 0.0439 I 008 . 3.18 0473 0.377 00048 0482 -0.002 0 84 0.14 2 06 00194 0.0448 1 168
8-tlC l 0 -11cm OUP 1 2 6 9 6 12 48 172 0 07 257 0.0038 00013 0.0406 0 9503 3.24 0.782 0.353 0.0061 0,515 0 003 083 0.127 384 0.0192 0.0723 LOSS
8-I1CI 11-20cm 1/2696 12:50 5.92 0 2 244 0 0039 0 0011 0038 1.169 12.7 0504 0.454 0.0185 0384 0005 13 0433 3.03 00212 00752 0.8982
8-IIC-l 20-30cm 1 2 6 9 6 12 .55 7 (3 0 175 2 5 0 0019 0.0006 0 04)3 0 3286 20 0588 0.256 00264 0 354 0 004 2 5 0 122 2 49 0.0265 0 0423 0 76)6
8-flC-l 20-30cm (2) 1 2 6 9 6 12:58 14 I 0 186 302 0 0023 00013 0.0363 0.3473 188 0.636 0264 0 024 0433 0001 2 6 0.12 3 1 0 0297 0 0575 06752
8-riC 1 30-42cm 1 2 6 9 6 13 01 3 6 0 002 I 61 0 0002 0001 0036 0 1714 0 71 0286 0 082 -OOQ37 0 397 -0 002 03 8 0 022 1.26 00109 0 0289 08221
8 ltC -t 30-42cm DUP 1 2 6 9 6 13 03 3 35 0 001 16 0 0015 0 0011 0.0363 0.1685 0 694 0291 0082 0.0013 0 411 0001 0.42 0.027 1.24 00108 00289 08166
WSGST107 1 2696 13 06 0234 -0 0 1 1 148 0 021 00142 0 095 0.0319 0 0 7 2.39 0.059 0.0159 244 0036 045 0 0 )9 4 6 8 0069 00)54 0 1089
8 BLANK • 1 2 6 9 6 13 10 0016 0  024 0052 5E-04 -o.oot 0 0487 -0 003 0 002 0.057 0001 -0.0031 0414 -0 008 0 41 -0 032 0  006 00023 00087 00042
8- BLANK 1 2 6 9 6 13.17 0 018 0 009 0 IE-04 0.0025 0 049 -0.003 -0 006 -0 002 -2E-04 0.0026 0 108 0 0.19 0 017 -0 002 0.0021 0.0116 •0.001
U SG STI07 1 2 6 9 6 13 20 021 0015 137 00173 00174 0.0793 0.029 0 066 2 3 0053 0.0197 20.9 0034 0 2 4 0QS5 4 2 6 0064 0 0137 0.098
USGS T91 1 2 6 9 6 13 25 0.384 0 294 0.0425 00157 0.0766 0.9616 0 32 I I I 2586 0.005 573 0 023 035 0039 7 58 0 1184 0013 6 921
BLANK 1 2696 13 53 0 006 0016 0 002 0 0012 A F 04 0 0018 0 0022 0002 0 015 0 00041 0 006 0 006 005 0 0 1 6 0032 0 00015 2E 04
Appendix 107
S ta p le  N a a e D a e T ia c Al As Ca C4 C o Cr Ca Ee Mlt Ma Mo Na 16 p Pb s> Ti Za
u s e s  T 107 1/26796 13 56 0.225 -0.008 12.9 00177 00129 0.0179 0 0326 0.067 2 2 8 0.052 0.0181 22.9 0 03 CL02 0.041 4 18 0.0644 0.0007 0.0898
U SG ST I 17 1/26796 1339 0081 0001 235 0 0038 0.0037 0.0225 00078 0.513 111 0144 0.0166 21.9 0009 0 26 0001 6.32 0.2788 0.0022 0 2025
USGS T9! 1/26796 14 02 0.408 0 031 285 00401 0.0112 0.0193 1005 0.317 II 1 258 7 0.004) 6.19 0.025 0 1 0.029 752 0.1237 0.0015 6422
8-BLANK 1/26796 14:05 0.001 -001 0004 00003 00006 -0 0048 0.0004 -0.002 0001 0 0.002 -0.017 0 005 -001 -0007 0.002 -1E 04 -0.0022 0.0012
USOST-91 1/26796 14:08 0.399 0.027 28.4 0 0414 00105 0.02 09996 0.31 II 2572 0.0073 6.2 0.022 0.12 0.019 748 0.1231 0.0015 6.4
S-T11B-3 3<Mlcm 1/26796 14:13 4 43 0.019 1 97 0 0007 00007 -0 0095 0.3302 1.11 0333 0.071 00039 0.336 0.002 021 0 117 1.54 0.0155 0.0274 0.4533
8 II1B-3 31 30cm 1/26796 14.16 5 5 0.004 2 15 0 0019 -9E-04 -0.0065 0.6094 1.13 0.35 0.033 0 0053 0.337 0 002 0 38 0.118 1.62 0.0157 0.0345 0.6875
ft-DIB-3 9-2 t e n 1/26796 14:19 3.88 0 2.08 0.0025 0.0004 -0 005 0.3828 1.11 0.272 0.071 00033 040 7 0.004 0.3 0091 154 0.0154 0.0255 0.921
A I1IB 3 (M e a 1/26796 14.21 5.46 0383 365 0.008 -0.001 -0.0038 1 739 2 3 9 0.433 0 18 0.0368 0 5 0006 2.9 0332 3 37 0.0485 0.0345 1.644
s m B 2  O-Scm 1/26796 14:25 6.7 0533 4 54 0 0071 0.0004 0.0244 2.818 141 0 369 0.166 02101 055 0.061 35 0.083 12.8 0.0604 0.0304 3.701
S in B 2 « - l « c a 1/26796 14:28 5 0 9 0.013 2 2 9 00001 -0.002 -0.0073 0.1385 0.971 0.318 0.033 0.0037 05 5 8 0055 0.1 0.026 1.79 0.0121 0.0296 0 3256
8-1IIB-2 lS -29an 1/26796 14:31 3 3 0 1 69 0.0008 -9E 04 -0.0083 0.1499 0.694 0336 0.029 00 0 4 0.342 0.179 0 0 6 0018 106 0.0094 0.0176 03154
fl-IUB'2 I8~29aa(2) 1/26796 14.33 4.29 -0.02 1 96 0  0004 •7E-04 -0.0031 0.0574 0.612 0375 0.032 0.0032 0308 0.046 0 0 9 0.029 152 0.0107 0.0236 0.1605
8-IQB-3 4-9cm 1/26796 14.36 4.86 -0.008 2.3 0.0022 -0.002 -0.0044 0.6053 1.41 0.334 0.077 0.0039 0.471 -0.004 0.3 0.112 1.8 0.018 0.0334 0.8537
U SG STI 07 1/26*6 14:39 0229 0.01 14 1 00201 0.0137 0.0428 00333 0.072 2.45 0.057 0.0205 24.7 0.035 0.15 0035 4 5 4 0.0696 0.0049 0.0989
U SG ST I07 1/26*6 14:42 0.23 0011 13.7 00194 0.0129 0.0422 0.0344 0.072 2.36 0.055 0.018 23.6 0.033 0.1 0.036 4.37 0.0672 0.0041 0.0948
U SO 5T107 1/26*6 14:43 0.219 0005 13.7 0 0188 0.0133 0.0395 0.0337 0.07 2.34 0.055 0.0209 23.6 0.032 00 9 0.025 4.34 0.067 0.0037 0.0952
A-IUC-1 O-Acm 1726796 >4:46 6.1 0.0(26 3 16 00043 -4E-04 -0 003 07179 2-57 0664 0.319 0.0066 J 44 0.003 03 8 0.094 2 5 7 0 0216 0.039 0.9871
8-BLANK 1/26*6 14:49 -0015 -0 025 0.004 00014 -7E-04 00035 0 -0.001 -0015 0 0.0027 0.02 0.001 0.06 0.009 0.003 0 0002 -0.0004 0
8-1HC-1 8 - 11cm 1/26*6 14:52 4.89 0.375 3.93 00029 -4E-04 0.0079 0.9178 39.7 0418 0493 0.0614 0595 0.002 3.6 0.161 4 35 0.0544 0.033 2.016
STQC-t U -2B ca 1/26*6 1455 4 5 0004 2 35 0.0011 -9E-04 -0.0096 01807 0 6 8 0.326 0.078 0.0051 0925 0.007 032 0066 1.63 00139 0.0234 0.6266
8-n iC -l 11-28cm (2) 1/26*6 14:58 3.7 0.02 2.03 0.0025 ^1.001 -0.0089 0.1684 0.57 0386 0.072 0.0013 093 0001 031 0.064 1.37 0.0124 0.0191 0.4939
8-n iC  l 28-42ca 1/26*6 15:01 3 45 0009 2.09 0.0022 -7E-04 -0.005 0.1462 0.452 0.294 0095 0.0029 1.31 0.001 0 17 0.041 1.35 0.0127 0.021 03694
&-IHC3 B-l l e a 1/26*6 15:04 6 3 0.048 3.45 0.004 -7E-04 -0.0066 1.188 4.62 0519 0312. 0.0074 0.476 0.003 0.63 0.111 2.86 0.0238 0 0469 1.117
6-JUC-3 1117cm 1/26*6 15.08 4.33 0.095 2-34 0.003 0.002 -0.0049 0.6212 6.95 0.296 0.107 0.0122 0.413 0.002 053 0.134 2 37 0.0163 0.0289 0.6445
8-IOC-3 17-3 l e a 1/26*6 15:11 4.4 0.014 ZQ2 00009 -7E 04 -0.0068 0.2118 0.674 0165 0.058 0.003 0.33 0.036 0.18 0.063 1.67 0.0122 0.0276 0.7046
8-01C-3 31-42cm 1/26*6 15:14 6 0022 2 36 0 001 -0.002 -0.0126 0.1274 0.52 0.345 0.048 0.003 0.413 0.026 0.14 0.056 1.83 00137 0 0296 05837
8-BLANK 1/26*6 15:16 0.013 -0.0M 0.007 0.001 -0002 0.0105 0 0001 -0.013 0 0.002 0.035 0.001 0.12 -0.003 0 003 0.0006 0.0007 0.0015
U SGST107 1/26*6 15:19 0331 0.008 14 0019 0.0118 0.0422 0.0344 0071 2.42 0.056 0.0182 24.3 0.039 0.14 0.024 4 4 8 0.0687 0.0045 0.0979
8-UIA-3 0 3 5 c m 1/26*6 15:22 3.76 0038 2 38 0.0052 -4E-04 -0.0059 1.121 3.22 0.436 0.304 0.0084 0309 0.003 0.63 0.121 2.03 0.0175 0.0039 1.042
8-Q1A-3 7 3  11cm 1/26*6 15:25 4 09 0.005 23 8 0 0042 -0 002 -0.0023 0.8208 2.16 0.353 0.173 0.0069 0548 0.721 0.42 0.083 1 91 00151 0.0285 0.9478
M O A -I 0 -5 5 c a 1/26*6 1508 4.78 0.063 2.92 0006 -0.002 -0.001 1-534 6.88 0474 0.456 0.0135 0.445 0.005 0.67 0.151 2.84 0.0233 0,0427 1812
fUniA-l 5 3 4 J c a 1726*6 15:31 5 4 5 0.412 362 0 0047 -4E-04 0.0092 IQ26 65.3 0.354 011 0.0996 0389 0.001 1.3 0 3 6 19 00416 0.0045 2.424
8-fflA-l 0 5 5 c m  DUP 1/26796 15:34 6.12 0.052 3.06 0.0069 -2E-04 0.0016 1334 6.99 0517 0.461 0.0141 0.472 0.005 0.7 0.155 3.12 0.024 0.0476 1.828
8-dIA -l 8 - l4 c a 1726*6 15:37 671 0 001 235 00008 -0.001 -0 0062 0.1973 0.729 0.326 0.042 0 0025 0462 0.006 0.13 0059 1.94 0.0143 0.0264 0.4793
8-1UA-1 14-25ca 1726*6 15:40 4 4 0018 2.02 0 0018 -0.002 -0.0071 0.1899 0 702 0.274 0.039 0 0033 0393 0.001 0.14 0.067 1.71 0.0132 0.0236 04772
8 -O U -l 25 -42cm 1/26796 15:43 4.68 0.019 2.13 0.002 -0.001 -0 0033 0.1377 0.631 0173 0 042 0 0.41 0004 0.15 0.057 1.73 00136 0.0242 0.427
8-111B-3 30-4l e a  DUP 1/26*6 15:45 42.3 -0.007 2 69 0.0022 -0.002 -0.0041 0.3524 1.39 136 0.096 0.003 0502 0 003 0 3 6 0.108 4 3 7 0.0202 0.0812 0.4824
8-m B-2 0-S en  DUP 1/26*6 15:51 15 05 3 5.08 00065 0.0007 0.0337 2.807 142 0.62 0.176 0113 0 64 0 066 3.6 0.118 13.6 0.063 0.0444 3.761
8-BLANK 1/26*6 15:55 -0.003 -0.019 0.008 0.0006 0.0011 0.0096 00004 0.018 -0005 5E-04 0.0023 0.021 0.002 0.11 -0.001 0.005 00004 0.0007 0.0017
S-STRBLANKl 1/26*6 1558 0.024 -0.017 0.053 0.0006 -0.001 -0.0056 0.0019 0.024 0.046 0 0.0023 -0.018 -0.001 0.08 0.008 0.061 -5E-04 -0.0037 0.0063
8-STR.BLANK2 1/26*6 16:00 0.072 0.017 0.078 0.0006 -0.001 -0.0052 0.0011 0.047 0.34 0 0.0039 0.04 -0.001 0.07 0.003 0.194 -2E-04 -0.0015 0 0023
8-STR.BLANK3 1/26*6 16:04 0.017 -0.008 0.06 0.0013 -0.002 -0.0077 0.0019 0.038 0.049 8E-04 0.0007 0.029 0.019 0.09 0 0.067 -6E-04 -0.0041 0.0163
8-USGST107 1726*6 16:06 0343 0.002 14.6 0.0204 0.0142 0.0576 0.0352 0.077 2.47 0.059 0.0202 24.9 0.035 031 0.036 4.62 0.0705 0.0075 0.1044
8-USGST1Q7 1/26*6 16:08 0336 0.023 14 0.0188 0.0139 0.0478 O.Q337 0.073 2.4 0.056 0.0189 23.9 0X08 0.17 0.014 4.43 0.0682 0.006 0.1001
USGS T i l  7 1/26*6 16:11 O.077 0003 24.9 0.0029 0.0037 0.04 0.0078 0.542 113 0157 0.0151 22.8 0.01 0 4 0.004 6.65 03886 0.0056 0 3172
U SG ST9I 1/26*6 16:14 0.406 -0.036 30.1 0.0431 00114 00354 1.037 0329 11.4 2.722 0.0046 6.45 00 0 0 32 0.009 7.87 0.128 0.0045 6.871
Appendix 108




D a Al A s c« C d C o C r O i Fe M * M a M o N« NI P Pb SI S r •n Z a
8 STR.BLANK A 216/96 0  046 -0 028 0.054 7 E 0 4 0 002 0 0074 0.0007 0.083 0.02 0.0017 0.002 0.037 0 0 1 8 0.13 00 4 2 0 035 -6E-04 -0.0044 0.0043
8-STR .B LA N K B 216196 -0.068 0 .024 0.037 3 E 0 4 0 0 0 2 6 4 -0.001 0.033 -0.006 0.0007 0 0 0 2 0.054 0 0 0 4 0 .15 -0.006 0.024 0 0 0 1 4 0 0039 0.0028
RINSE H C L 2/6/96 0  07 0 0 1 7 0 0 4 3 8E -04 -4E-04 0 0 1 7 6 -7E-04 0 037 0 0 9 5 0 0 0 1 2 0.002 0 008 0 0 0 2 0.2 0 0 1 8 0.073 0 0 0 0 4 0 0 0 0 7 0.2679
RINSE HCL 216196 0 079 -0 0 2 7 0.044 2E -04 0 00151 -0.001 0.038 0.106 0.0012 0 001 0  008 -0002 0.24 -0027 0.074 0  0004 0.0007 0.2693
RINSE HCL 216196 0  038 -0.005 0.071 0 0.002 0.0173 0.001 0.012 0.006 0 0 0 0 2 0 002 0.002 0.001 0  24 0.019 0 0 1 9 0.0001 -00011 0.0039
RINSE HCL 216196 0 043 -0.027 0.07 0 002 -6E-04 0.0152 0001 0.012 0.017 0 0 0 0 7 0.002 0.003 0 0 0 2 0 2 0.028 0.016 OOOOl 0 0 0 1 5 0 0 0 3 9
8-STR .B LA N K A 216196 0 043 -0.031 0 0 6 4 9E -04 -8E-04 0.0153 0.001 0.095 0.022 0.0027 0.002 •0.015 0 0 1 3 0  18 0041 0.035 - IE-04 -0 0 0 2 6 0.0059
50% HCL 216196 0.041 -0.016 0.073 0  001 0 0 0 0 6 0.0179 -7 E 0 4 0 0 1 5 0.023 0.0007 -5E-04 0.017 0.001 0  26 0.023 0.02 0 0 0 0 2 -0.0004 0 0 0 4 3
NEW  50%HCL 216/96 0.025 -0.008 0.013 0.001 0 0 0 2 0 0016 0.0007 0.025 0.026 0.001 0.004 -0 0 3 8 -0 0 0 6 0.18 0.043 0.007 -5E-04 -00037 00583
NEW  50%HCL 216196 0.028 -0 0 1 0.013 3E -04 -0.001 0.0101 -0.001 0.035 0.036 0.0007 -0.004 -0  023 -0.005 0  25 -0.04 0.012 -3 E 4 4 -00026 0.06
NEW  50% HCL 216196 0.008 -0.017 0 0 1 9 IE  04 -6E-04 0.0043 -0.002 0.017 0.04 -0.0002 0.001 -0 031 -0 0 0 3 0  13 0.037 0.011 -3E-04 -00026 0 0 5 6 9
8-STR .B LA N K X 216196 0 0 0 5 0.002 0.059 -5E-04 -0001 0 006 •0.004 0 034 0.015 00 0 0 2 -0.004 0 008 0 0 0 5 0  14 -0 0 3 9 0.03 0 0 0 0 2 •00015 0.0035
8-ST R .B L A N K X 216196 0.006 0 0 0 3 0.059 0 00 0 1 0 0 0 6 3 0 003 0 036 0.029 0 0007 -8E-04 0.003 0.004 0.16 -0.053 0.027 0.0002 0 0 0 1 5 0  0035
8-STR .B LA N K Y 216196 0008 -0 .002 0  061 0 0.002 0.0124 -0.003 0.037 0.015 0.001 -0 0 0 3 0  009 0.005 0.2 -0.065 0.025 0.0003 -00007 00 0 9 1
8-ST R .B L A N K Z 216196 0 005 -0.012 0.059 3E -04 -0.003 0.0077 -0 0 0 4 0.032 0 0 1 8 0.0002 0  003 0.01 0.008 0  14 0 044 0.019 00001 0 0 0 1 5 0.0022
8-BEA D BLA N K 4 216196 11.6 -0 0 0 2 0.97 0 0.000 0.0124 -4E-04 0.133 0.477 0 0 1 6 3 0.002 0.198 0 0 0 7 0  16 -0.05 1.37 0  0049 0.0206 0007
8B E A D B L A N K 5 216196 9 0 0 9 1 1 2E -04 -0.002 0 0 1 0 9 •0.003 0.08 0 3 2 4 0 0 1 6 0.003 0  173 -0 005 0  16 0.038 111 0.0047 0 0 1 9 8 0 0 0 5
8-BEADBLANK6 216196 20.3 -0 0 2 5 1 62 2E -04 -0.002 0  0116 0 0.138 0.709 0.0244 -0.001 0.313 -0.001 0.17 0.03 2.13 0 0 0 8 6 0  0411 0.0075
8-BEADBLANK7 216196 5.77 0 .003 111 -5E-04 -0.002 0.0132 0.002 0 14 0.25 0 0 1 3 3 0.005 0 2 1 5 0.011 0  16 0  054 1.11 0 0 0 5 7 0 0 1 5 8 0 0 0 7 6
50%  HCL 216196 0 0.004 0.022 -6E-04 -0.005 0.0071 -0.003 0 056 0.04 0.0002 -0.003 -0 0 1 2 -0.009 0  12 0 0 4 8 0.016 0 00 0 1 5 0.0569
50%  HCL 216196 -0.008 -0.007 0.022 IE -04 -0.003 0 0 0 5 7 -0.003 0.062 0.031 0 0 0 0 4 -0 013 -0 0 0 8 0.12 0.037 0.013 - IE-04 -0.0022 0.0573
8-IA -1 0- 13cm 216196 6.53 0 .046 2.2 0 .004 0.002 0 0 1 8 6 0 9 0 4 3 2.02 0 .726 0.5973 0.001 0.703 0.008 0.52 0 0 6 1 1.71 00 1 5 1 00541 1.195
8-LA-1 0-I3cnM2I 2/6196 6 3 9 0 0 4 5 1 65 0 0 0 4 -0001 0.015 0.9246 2 0.575 0 5022 -9E-04 0.511 0 0 0 4 0.54 0 .053 1 65 0 .012 0 0 2 6 8 1 233
8-LA-l 13 2 I a n 216196 3.18 0.201 1 4 6 0 0 0 7 -0.003 0.0168 2.152 156 0.484 0 4 5 3 2 0.0204 0  483 0 0 0 6 2 0 28 1.82 0.0165 0 0 3 0 5 1324
8-IA -l 21 31cm 216196 3 6 8 0.04 1.54 0 .004 -0.002 0.0215 1.325 3 0 6 0.782 0.737 0.001 0.947 0 0 0 2 0 8 9 0.093 1.11 0.0135 0 0 2 6 4 1.472
8-IA -l 3 I - 4 I a n 2/6196 2.55 0.022 1.19 0003 -0.001 0 0 1 7 0.8738 1.53 0 6 6 5 0.5971 0.0009 0  892 0 0 0 5 0 3 4 0 0 1 8 0.842 0 0 1 0 0 2 2 4 0  9862
8-TB-2 0-7 5cm 216196 3.75 0 106 2.28 0 0 0 5 -0 003 0 0 1 6 8 2.427 5.82 0.656 0.7476 0  0065 0.57 0001 0  98 0 1 4 2 2 3 5 0  0214 00 3 9 7 2.425
8 -IB-2 7 .5 -12cm 216196 4.22 0 111 2.7 0 0 0 6 0.001 00 1 6 1 2 568 6.52 0.705 0.7673 00 0 8 1 0.596 0  009 1.2 0.187 2 4 8 0.0242 00 4 8 7 2.14
8 -IB-2 12-16cm 216196 3 .69 0 0 0 3 1 9 0.002 0.002 0 0 1 6 3 0.8785 1.34 0 648 0.6623 0.002 0.843 0.008 0 3 9 0.007 1.31 0 0 1 2 9 0.0246 1 138
U SQ ST 107 216196 0.252 0 0 0 3 14 8 0.019 00 1 1 1 0.0661 0 0 3 2 3 0.064 2.46 0  0581 0.018 26 0 0 3 2 0 3 4 0 4.7 0.07 0.0092 0.1053
U SO ST 107 216196 0 2 3 8 O.026 14.2 0.019 0 0 1 1 3 0 0 5 8 0.0316 0.062 2.37 0.0552 0 0 1 3 1 25.2 0  033 0.29 -OB 17 4.52 0.0678 0 0 0 7 3 0.101
u s a s n n 216196 0.08 -0.005 25.2 0 0 0 3 0 0 0 0 8 0.0541 0.0051 0.529 11.2 0.2596 0.0088 23.7 0.007 0  53 -0.045 6 6 9 0.2847 00 0 7 7 0.222
u s e s  T i n 216196 0 0 9 4 -0.002 25.1 0 0 0 3 0 0 0 1 9 0.0561 0.0051 0.53 11.1 0.2584 0 0 0 8 2 23.5 0.006 0 5 3 0.04 6.66 0.2831 0.0077 0 2 2 0 4
FLUSHING HCL 2/6/96 0 0 6 0.002 0.055 4E -04 -0 002 0.0182 0.002 0.038 0.1 0.0012 0.002 0.023 -0 0 0 3 0.23 0 0 5 0.075 0.0008 0 0 0 1 8 0.2665
50% (E S T lH C L 216196 0.03 -0.01 0 .077 5E -04 -0 0 0 2 0.0088 -7E-04 0.01 0.022 0.0007 -0 0 0 4 -0 0 0 4 -0 0 0 5 0  19 -0051 0.024 0.0001 -0 0018 0.0039
B LA N K -STD l 216196 0.009 -0.01 0.025 5E -04 -0 0 0 2 0.0242 -7E-04 0.001 0  026 0 0 0 0 2 0.003 0.061 -0.007 0 2 5 -0 0 5 8 0 0.0011 0.0029 0 0 0 3 9
8-IB -2 16-21 S a n 216196 3 6 1 -0.007 18 2 0 .0 0 2 ' -8E-04 0 0 1 2 3 0.6719 0.656 0.6 0.6392 -0,003 0  787 0.006 0 5 3 -0.029 1.2! 0.0109 0.0246 0.9586
8 -IB-2 22-32cm 216m 4.73 0 0 0 7 2.07 0 0 0 2 -2E-04 0.0076 0.3953 0.467 0.573 0.3993 -0.002 0.732 0 0 0 8 0.24 0 0 4 7 1.45 0 0 1 1 8 0.0294 0.7007
8-IB-2 32-42cm 216196 6.22 0 .002 2.19 0 .002 -0.001 00 1 5 1 0.5772 13 0.696 0.3741 0 0011 0 7 8 6 0 0 0 4 0 3 4 0 0 1 1 1.56 0 .0144 0 0 2 9 6 0 6 6 8 6
8-IB-3 0 -8 a n 216m i 5.99 0  0 38 2.2 0 0 0 6 -0.001 0 0 2 0 8 1.589 3 83 131 1 462 0.0016 1 64 0 0 1 0.75 0 0 3 3 2 0 4 0 0 1 5 2 0.0312 2 4 7 8
8-IB-3 8 - l lc m 216196 4 .24 0.052 197 0 0 0 7 0.0011 0 0 1 5 9 1.33 6.7 1.5 1.644 0.0059 2.12 0.011 0.58 0.072 1.72 0 .0129 0 0 2 3 1 2 8 0 8
8-IB-3 11 2 1 cm 216m 4.03 -0.006 2 0 2 0.011 00011 0.0225 1.174 105 1.88 2.017 -1& 04 2.45 0  011 0 4 8 -0.006 1.18 0 0 1 1 9 0.0206 3.233
8-IB-3 2 1 -3 1 an 216m 3.72 0.009 1 52 0 .007 -8E-04 0.0217 1.022 0.95 1.19 1.238 -0.001 1.78 0 0 0 8 0.41 -0.021 1.16 0.01 0 0 1 9 5 193
8 -IB 3  2 l-3 1 cm  D U I 216m 3 .65 -0 0 0 1 1 44 0005 -8E-Q4 0.0193 1015 0 9 3 9 1.18 1 221 00009 1 78 0 0 0 8 0 3 8 -0023 1.11 0 0 0 9 5 0 0 1 8 4 1 9 0 6
8 -IB-3 ll-2 1 cm D U F 216m 51 -0.001 2 3 2 0 0 0 9 -0001 0 0 2 0 9 1 179 1.24 2.98 2034 -0002 2 5 3 0.012 0 5 0 0 3 4 3 54 0 0 1 3 6 00745 3.203
8 - 0 - 3  3 I -4 lc m 2i6m 5 0 3 0.007 145 0 .0 0 6 -0 0 0 2 0 0 1 7 3 0.7979 0 9 8 6 1 0 2 0.9862 -0.001 1.07 0 0 0 6 0 4 3 0 0 0 1 1 2 0 0 0 9 5 00 2 1 7 1552
8 - 0 - 3  3 I-41cm  DUP 2i6m 4 8 5 -0 0 0 9 1.49 0 0 0 7 -8E-04 0 0 1 8 0.7957 0.981 0.994 0 9 7 5 9 0 0 0 3 1 09 0 0 0 9 0.45 -0.002 1.22 0 0 0 9 7 0.0217 1.537
8-lIB -20 -7cm 2i6m 5.23 0 .036 2 3 4 0  002 0 0 0 2 0.0138 1.041 3 0 9 0 4 2 8 0.348 0.0022 0 3 1 2 -0.001 0.88 0.047 19 8 0.0177 0.0354 0.9546
8-U B -27  12cm 2i6m 3.49 0 .058 2 16 0 0 0 3 -8E-04 0.0627 1.101 4.17 0 3 7 3 0.3653 0.0063 0.354 0.137 0.93 0.07 1.77 0 .0172 0.0327 0.9012
B LA N K -STD l 2i6m 0 0 1 3 -0.015 0.028 - IE -04 0001 0.0241 -0.003 0.003 0.02 0 0 0 0 5 0 0 0 4 0 0 7 4 0 0 0 6 0  26 0.049 -0.002 0.0012 0 0 0 2 9 0 0 0 4 9
8-IIB-2 12- 19.5cm 2/6/96 4  16 0.037 2.4 0.001 •0.001 0  1533 0 7 7 4 3 4.22 0 3 9 8 0.2685 0 0 0 5 5 0 4 9 4 0.273 0 7 4 0.042 195 0 0 1 6 4 0.036 0.7093
8-11B-2 20-30cm 216196 4  62 0 0 1 7 2 01 0 001 -4E-04 0.2281 0.4255 3 13 0.365 0 185 0 0044 0.441 0.271 0 5 6 0 0 1 5 1 68 0 0129 0.0292 0.4571
8-UB-2 20-30cm  DUI 216196 3 8 7 0.019 2 0.002 0 0.2244 0.4265 3.13 0.352 0  184 0.0058 0  441 0  268 0 5 1 0 0 1 1.61 0 0 1 2 8 0.0279 0.4567
8-11B 2 3 0 -4 0 .S an 2/6196 4 7 3 0 0 1 3 2.04 IE -04 -0 003 0 0135 0 1848 0 63 0 3 2 8 0 067 -0 002 0.378 o.oot 0 3 2 0.021 16 0.0122 0.0263 0.2521
USOS T107 216m 0.243 0 0 0 1 14.7 0 0 2 1 0  0119 0.0769 0.0327 0 061 2.41 0 0579 0 0 1 5 3 2 5 9 0.034 0.42 0 0 0 8 4 6 9 0 0 6 9 6 0.0099 0 1 0 5 9
u s e s  T 117 216m 0 0 9 4 0 0 0 5 2 5 4 0  003 0 0 0 3 6 0 0 6 6 4 0.0033 0.531 111 0.2626 0 0 1 0 4 2 3 8 0 0 0 4 0 5 7 0 044 6 7 6 0.2837 0 0 0 9 2 0.2265
8-U A -l 0-10 5cm 2/6/96 3 3 1 0.05 1 86 0 0 0 3 -0.003 0.0159 0 8 3 7 5 2.08 0 3 1 9 0.2589 0.0004 0 2 9 9 0  017 0 6 0.062 1.49 0  0137 0 0 2 7 5 0.7167
8-U A -l 1 0 5 -15 5cm 216196 2.85 0.037 1 65 0 0 0 1 -0 0 0 3 0.0192 0  5834 1 85 0.287 0.1766 -0 002 0 3 0.007 0.59 0.095 131 0 0 1 3 6 00261 0  4248
8-U A -l 15.5-22cm 216m 3.29 0 033 1 87 6E  04 -0 0 0 2 0 0 1 2 0 6222 1.26 0.306 0 1224 -6E-04 0.393 0 0 0 1 0 4 8 0.083 141 0.0144 0.0297 0.3585
8-0A -1 22.5-33cm 2i6m 3 83 0 0 2 5 183 0.002 0.000 0 0 1 2 3 0.5957 11 0.315 0.1232 0 0011 0 3 5 3 -0.005 0.5 0 .117 1 41 0.0149 0 0 3 2 7 0.8926
8-U A -l 3 3 -4 2 an 216m 2.72 0  031 1.61 0.001 0.002 0.0152 0.224 0.686 0.251 0.0818 -0.003 0.345 -0.007 0.46 0.016 105 0 0111 0 0 2 0 9 0.4334
BLA N K -STD l 2/6/96 0.009 -0 0 0 3 0 0 2 5 5E-04 -0 0 0 4 0 0261 -0.003 0.001 0.015 0 0 0 0 2 0.003 0.071 0.004 0 2 9 -0 045 0.007 0 0 0 1 2 0 0 0 3 3 0 0 0 3 7
8-B A -20- I0 .5 a n 2/6/96 3.57 0 .052 2.42 0.003 -0 0 0 2 00 1 8 1 0.9467 33 1 0.431 0.3633 0.0022 0.314 0.006 0  99 0 0 5 8 1.89 0.0179 0.0338 0 8 2 1 8
8-BA -2 11 13 5cm 2/6/96 3.22 0 .015 1.97 8E -04 0 0 0 3 0 0 2 0 9 0 4 6 9 1.97 0.365 0.1559 -4 E 0 4 0.305 0.002 0 6 8 0.02 1.46 0 .0134 0.0275 0.5081
8-UA-2 133-21 .5cm 216m 5.29 0  001 1 9 8 5E -04 -0.000 0 0 1 6 2 03 4 8 9 1.48 0.676 0 1271 0 0 0 4 0.344 0 0 0 6 0 5 3 0.007 1.78 0.0129 0.0301 0 3 7 7 3
8-llA  2 13.5 21.5(2) 216m 3 99 0 011 2.01 6 E 0 4 0.003 0.015 0 3 8 0 4 1 59 0.313 0.1328 - 1ETW 0.318 0 0 0 9 0 5 8 0.001 1.56 0.0132 0.0297 0 4 1 7 9
8  11A 2 22 3 2 a n 2/6/96 4  03 0 0 0 3 1 82 7E -04 0.002 0.0188 0.171 0 7 3 6 0.311 00 7 2 7 0  002 0.36 0 .005 0 .42 •0.02 1.36 0 0111 0.0239 0.221
8-11A-2 22 3 2 a n  DU) 216196 4  32 0 005 1.88 5E -04 -0.003 0.0169 0.1721 0.739 0 313 0 0724 -0 002 0.361 0.006 0.43 0 0 2 5 1 41 0 0 1 1 4 0.024 0.2214
8 1LA-2 22 32cm  (2) 2/6/96 5 29 0  006 2  16 2E C 4 -0 0 0 3 0 0 1 3 6 0.1666 0 7 4 9 0 3 4 4 0 0 7 4 6 0.002 0.404 0  007 0 3 9 0 0 2 8 1 65 0.0127 00 2 7 2 0.2107
8-H A -232  4 2 a n 216m 4 27 0 0 1 7 1 86 IE  04 0 0 0 2 0.0181 0 1521 0 8 6 5 0.278 0.0675 0 004 0 3 1 8 0 0 0 8 0 3 9 -0 0 2 8 1 48 0 0113 0.0253 0  1905
BLA N K -STD l 216m 0.022 -0 0 1 5 0.028 IE  04 0 0 0 3 0 0 3 0 4 -0001 0.002 0.037 0.0007 0.002 0 0 7 8 -0 0 0 6 0 3 3 -0.036 00 0 3 0.0013 0 0 0 3 9 0.0057
8-STR BLANK Y D l 2/6/96 0.025 0.006 0 0 6 1 0 0  004 0.0066 -0.003 0.006 0 .026 00 0 1 0.005 0.004 -0 007 0.25 0.056 0 0 1 7 0 0001 -0 002 0 0031
8-ST R .B L A N K Z 216m 0 0 2 7 0.001 0 063 2 E 0 4 -0.002 0 0 1 2 8 0 001 00 1 0.024 0.001 0 005 0 025 0 0 0 4 0 2 9 -0.046 0 0 1 9 0 0003 0.0009 0.0047
8-S T R .B L A N K B 2/6/96 0 0 2 3 0.015 0.073 3 E 0 4 -0 002 0 0291 0.003 0 103 0.037 0 0017 0 006 0 032 0 0 1 6 0.3 0 049 0.031 0.0004 -00 0 0 4 0.0065
8  B E A D BLA N K 6D I 216196 16.8 0 0 0 9 2.96 -5 E 0 4 0.002 0 0 1 5 4 -0 002 0 118 0 636 00 3 2 3 -0 004 0.503 -0.004 0 2 8 -0.044 291 0.0155 0.043 0.0086
8  BEADBLANK7 D1 216196 163 0 005 2.07 -5E-04 0 0 0 3 0 0 2 1 1 -0.002 0.153 0 504 0 0 2 3 9 -0 006 0 371 0 009 0 27 0 049 2.25 0 0 1 0 7 0.0301 0.0083
8-S E A  DBLAKK4 216/96 16.8 -0 0 0 4 2.15 00 0 1 -0.002 0.0214 0.002 0.139 0 598 0.0259 0  005 0 383 0  004 0.31 -0.043 2.54 0.0111 0  033 0  0076
USOS T 107 216m 0 262 0 0 1 143 0.02 0 .0119 0 0 6 5 9 0.0312 0.062 2 3 6 0 0 5 6 4 0 0144 2 5 6 0.037 0 4 3 0 0 1 5 4  59 0 .068 0 0 0 8 8 0.1035
USGS Tin 216m 0 098 -0 008 2 5 3 0 0 0 3 0 0 0 2 3 0 0 6 5 7 00 0 4 7 0 528 11 0 2611 0 0113 2 3 7 0.008 0 7 0 042 6 71 0.2818 0  0092 0.2263
USGS T i n 2 i6 m 0.095 0 0 0 9 24 1 0  003 0 0 0 0 2 0  054 0  0025 0.506 10.5 0.2505 0 0 0 8 8 22.9 0 005 0 6 3 -0.055 6 4 2 0 2 7 1 5 00 0 7 3 0.2153
USGS T 107 2/6/96 0 2 5 3 0 0 1 4 13.3 0 .018 0 0 0 8 8 0.0557 0 0305 0.058 2.17 0.0539 0 0 1 3 9 2 3 8 0.029 0.37 0.033 4.25 0 0 6 3 9 0 0 0 6 6 0.0966
BLANK 2/6/96 0 0 3 9 0 0 0 6 0 018 9E -04 -0 002 0 0 2 3 0.001 0.002 0 035 0 0005 -0 003 0.047 0 01 0 36 0 05 0.001 0.0009 0  002 00051
Appendix




Al Aj Ca Cd Ca Cr Ca F* Mf Ma Ma Na Nl P Pb S Sr ■n Za
STDlBtufc. 2TS96 9.51 0.066 -001 0.002 0.001 0.002 0.189 0.001 9E*5 •2E*4 7E*4 -3E-040.052 0.0052 0.08) 0.045 om 0.015 0.013 00185
STD3 2/1596 9:55 2.068 1.557 1.653 11.04 1.7486 2861
ST04 2/1596 *sa 0.575 8.133 0.664 11.89
STD2 2/1596 1001 1877 205 23B5 I. -193 4.0214 2044 7.283 19.26 2.23
STD® 2/1596 1 Ct 04
STD 1 2/1596 IQ 06 0014 -0.01 0.006 0002 0.003 0006 0.002 0.001 0 011 9E-Q4 6E-04 0002 0.007 0.11 0.014 OOl 7E-04 -2E040.015
i3sG6non 2/1596 1009 0.254 0.CB7 129 0018 0.013 003 0.032 0.056 226 0052 0.016 23 0.CB8 015 0.08 4.23 0.063 0.002 00896
USG6T117 2/1596 10c 12 0.102 0.025 23.1 0004 0007 0.03 0.006 0.507 11 0 239 0.013 219 0.015 035 0.008 633 0272 0.00 0.2001
&STRSLANKL 2/1596 4016 0.023 0.017 0.024 8E-04 0.001 0.006 6E-04 0.004 0.013 9£*4 0.002 *oa 0.008 0.14 0.009 0.052 * *002 0.013
S-ST&BLANKM 2/1596 1019 0.021 0 0.016 0.001 0.002 0.015 -3E-040.002 0.018 96-04 0.003 *(B 0006 0.17 0.021 0.044 0 -8B0400004
ILSTRJJLANKN 2/1596 10c 22 0.018 0.006 0.006 0002 0.003 0013 -£*4 0003 0002 96*4 a 001 *02 0.001 015 0.029 008 * *001 00023
9-BEADBLANK8 2/1596 1025 106 -0 0.242 7E*4 4E-04 0.011 0 0.01 0.05 0003 0.001 0.024 0.008 0.14 0.006 0.478 0001 0.002 aooca
8-BEADBLANK9 2/1596 10c 27 1.06 -0 0282 3E-04 96-04 0.016 -6E-040.01 0.06 0004 0 0038 0006 0.16 aou 0.996 0.001 0003 0.014
8-BEADBIANK10 2/1596 1Q30 4.94 -0 0.778 0.001 0.001 aoi7 -£*4 0.027 0.246 OOlt 0.001 0.117 0.002 0.16 0.008 0.929 0.004 0.016 0.0024
8-OC-3 83-lQea 2/1596 1035 0.937 0.018 0.527 6E*4 0.001 0.016 0.218 0729 0.095 0.082 8E*4 0084 0.007 0 28 0.05 0.4S7 0004 0.006 02064
8-OC3 0-8. Sea 2/1596 10c 38 222 0083 2.59 0.007 0.002 0.024 1.621 5 1.13 0.614 0.008 0317 0.003 1 0.198 3.47 0023 0.072 1.875
8*C-3 20-30ca 2/1596 1041 0934 0064 0.525 0.002 0.003 0.015 0.113 1*8 0.087 0.037 0.002 0.074 0.006 036 0.028 0.446 0.004 0.006 01623
&-0C3 30-3*a 2/1596 10.44 1.09 0.029 0.691 0.002 4E*4 0015 0.083 208 0.103 0.04 0.002 0088 0004 0.0 0.05 0.339 0007 0.007 0.2901
8-DIA 3 15-21.Sea 2/1596 10c 47 3.57 0.015 1.07 0.003 0.002 0.027 033 0.944 0.336 0042 6E*4 0.282 0.003 045 0069 003 0.009 002 09985
STD.1*LANK 2/1596 10 so 0.023 -0.01 0.001 o.oot 4E*4 0021 6E*4 0 0002 7E-04 -6E-040.038 0.002 0.23 0011 o.ot 7B*4 0002 0.0023
8-OC-3 30-34ca DUP 2/1596 1QS2 2 28 0.023 0.739 0.001 9E-04 0.012 0.082 204 0132 0.04 0.005 0.09 0.002 0.69 0.063 0.62 0.007 0.008 02797
8-UC-3 3*3-fcaDUP 2/1596 1054 213 0.026 0.757 0.002 0.002 0017 *082 208 0.122 OM 0.001 0095 0.005 0.73 0.068 OO 0007 0.009 0289
USOST107 2/1596 1057 0.276 0.019 151 0.021 aoi6 0.059 0.(B3 0.067 252 0.059 0018 249 0.043 031 0.04 4.89 0.07 0.007 0.1076
USO5T107 24596 1099 0.176 0.003 1*2 0.021 0.017 005 0.CB3 0062 241 0.05* 0019 243 0045 0.29 0049 4.G 0*67 0.005 0.1006
S-STRJlLANKL DUP24596 11:02 0033 -0.01 0014 8E*4 8E-04 0013 -6E*40002 0.009 2E*4 0.002 am 0005 022 0008 00 * *01 0015
US0STWT7 2/1596 11:05 0.776 0.023 1*7 0.021 0.W5 0055 0.03 0.065 246 0.058 0.017 247 0041 0-28 004 4.75 0.069 0.006 0.104
USGB T117 2/1596 11:10 0.124 0.005 251 0.003 0.007 0045 0007 0.543 11.4 0.259 0.015 234 0016 0.56 0.028 6.78 0.286 0.05 0.2179
**C3304*aDUP 2/1596 11:16 *65 *011 0923 0.009 0.001 0.009 0.084 208 0266 0.044 0003 am 0.005 0,73 0.045 1.02 0.008 0.014 0.2801
8-OC3 20-30caDUP 24596 11:19 2.17 005 0.607 0.003 6E*4 0.014 0.115 1.44 0.118 0.Q39 0.001 0.091 0.001 0.44 0.048 0562 0.005 0.007 01624
smiMua 2/1596 IL39 0144 *0 0.005 0.005 0.007 0.067 0.003 0.053 0.017 0.003 0.002 0094 0.017 OS 0.07 0-238 0.002 0.012 0.0106
OCMPl-4 24596 11:44 2.73 299 31.6 3.06 3.0S8 3.001 2667 296 27.1 2983 197 256 199 3.6 3 09 293 2607 1796 3.138
CQMPl-4 2/1596 12:10 268 296 31 3.012 3 2949 2658 292 2*6 2942 2932 256 198 3.7 198 289 1596 2762 3.09
OCMPl-4 2/1596 12.21 268 299 31.4 J.(B9 3.027 2.978 2.646 2.92 2*6 2962 2956 252 3.02 37 3.02 29 2584 1761 3.12 ■
CGMP1-4 2/1596 1235 2.67 297 31-2 3.018 3.01 29b 2647 29 2*4 2947 2939 257 3.01 3.7 301 288 2584 2747 3.097
OCMP1-4 24596 1241 2.69 299 3L2 3.017 3.004 2955 2661 291 2*5 2947 2932 259 3.01 3.7 199 288 1995 1751 3*93
COMP 1-4 2/1596 1248 2.66 2.97 3L2 3.016 3.002 293 2.632 29 2*3 2998 2.938 255 3.01 3.6 198 286 2.568 2731 3.091
CCMPl-4 24596 13:00 266 3.00 31 3.004 2987 2998 207 288 2*2 2» 2921 253 302 3.7 197 286 1971 1725 3.081
OCMPl-4 24596 13:08 2.65 298 31 >999 2978 299 2646 288 2*2 292* 2919 258 3 3.7 195 286 258 2727 3.072
ccmp i-4 24596 13:19 2.64 298 313 3.026 3.002 2954 201 289 2*1 2945 294* 255 3.04 3.8 194 286 1567 1722 3.096
COMP 1-4 2/1596 13:27 2.64 2.99 31 3 008 2978 2996 2.622 2 87 219 2925 2926 255 s.oa 3.8 195 284 1557 2.706 3.077
STDl-Bhafc 24596 13:44 0091 -0.01 0.003 0*02 0.004 0.244 0.002 0.005 0.0005 0.001 2E-040.062 0.0080 0.115 0087 0021 0.019 0.018 0.00342
STDS 2/1596 13:47 2.14) 1.741 1.928 1055 1.950 3.033
STD4 2/1596 13: SO 1.179 9*55 0813 13.02
STD2 24596 13:S 2257 2321 2996 132 42017 2307 8451 1986 26519
STD. 1-BLANK 24596 13:58 *01 002 0001 96-04 0.001 *001 0.001 .26*4SB®4 * *008 *04 Ott SB-04 -96-040013
STD. 1-BLANK 2/1596 1*00 -0 0 0 6&0* 0 *001 *009 46*4 7E*4 0.017 *003 *01 0015 3EA4 -fe-040
CCMPl-4 2/1596 1*08 254 255 263 266 2891 26 21* 204 2-599 259 161 10 2*1 1501 1574 267
STD.l-BLANK 24596 1*07 -0.01 -OOl 0.001 3E04 -ffi*40 0.001 0 0.004 0.014 *004 * 0.014 3EA4 -ffi-Q400004
S-QC3 8.3-lOca 24596 1*09 1.28 0.012 0699 7E-04 an 0.72 0.094 0.078 0.005 0123 *001 0.024 0517 0.004 0.06 0.1926
S-QIA-2 U3-3fca 24596 1*13 1.29 0009 063 0.001 aoe 0465 0139 0017 0.001 0.175 *001 *01 042 0.004 0005 0.0946
USC3203fea 24596 1*16 3.62 005 102 K4M 0.113 1.44 0.139 0.041 0006 0.133 *604 oas 0912 0006 OOl 0.1339
afflA-3 22-31.Scat 24596 1*19 *17 0004 166 0.001 0228 0392 0254 aoM 0002 0322 0 0099 1J7 0.011 0022 0.6126
OCMPl-4 24596 1*23 258 261 269 2745 203 264 2*1 2653 2*47 2*7 169 167 207 2JB3 2612 2738
OCMPl-4 24596 1*27 257 26 269 2733 204 264 219 2692 2649 2*6 169 187 206 2JS4 106 2711
WIIA-331.S4fea 24596 1*30 335 0015 136 -0 0177 0366 aits 0026 SB-04 0.214 *007 007 1.13 0009 0.015 02954
8*IA 232̂42fca 24596 1*33 0.904 4) 0*79 46*4 0087 0207 0142 0015 aooi 0208 *001 * 0342 0003 0004 00726
S4DA-2 KS3te 24596 1*37 226 0007 0765 -0 0044 0482 0158 0.019 0002 0221 OOOI * 0573 0.005 0008 00969
S-flIA-20-9.3ca 24596 1*42 1.47 0.027 1.08 0.002 002 254 018 015 0005 0187 *008 OQB OM 0009 0014 0.5502
84C3 14V3Qca 2/1596 1*44 3.31 135 29 0.016 IQ54 413 0.24 0.263 0.059 0.244 *002 0.113 4.16 0028 0*2 1389
S-QC3 10-20(2) 2/1596 1*48 13 0.881 148 0.009 0X1 244 0.108 0.145 0.037 0.09 *004 0.05 218 0.015 0006 07654
8-003 10-20(2) 24596 1*49 14 0.87 1.48 001 0.337 243 0.108 0.145 0.036 0.096 0 004 113 0.015 0.006 0.7584
S-0C 3 34-41c* 2/1596 1452 1.27 032 263 0.007 0.17* 209 0.159 0.193 0,001 0.089 *001 0.083 0.978 0.041 0.006 1.454
8-OC 3 34-41ca (2) 24596 1455 1.4 0.291 261 0.006 0.16 202 0.151 0.187 O.ffl 0.097 *005 0083 1.02 0.04 0.006 1.401
CCMPl-4 2/1596 1459 2.61 2 » 27.8 2897 2676 272 2*6 273 2738 27 178 176 278 1558 1657 2.839
CCMPl-4 2/1596 1501 2.61 274 27.9 2876 26T7 273 2*5 2734 2744 27 2.79 176 27.5 2.567 2 663 2.849
8-IQA-2 9.5-14. Sea 2/1596 1504 13 0 059 0 97 0.004 0367 193 01*4 0.Q59 0.03 01*6 0 0.08 24 0.011 0.009 05778
8-01A-311-13ca 2/1596 1507 2.42 0.143 1.55 0.004 0.953 11.9 0.I7I 0.08 0.017 0.206 *002 0.109 1.73 0.017 0.014 0.8522
8-OIC 2 10-2lea 2/1596 1510 407 0.163 3.23 0.009 2874 133 0.57 0.459 0.018 02*2 0 0 236 3-P 0*29 0.065 2.017
STDlBbak 2/1596 1516 0091 OOl 0002 0002 0003 0.249 0002 0 005 0 0.001 -2E-040.064 00088 0 123 007 0022 0.019 0018 000361
STDS 2/1596 1520 2188 1.822 204 1097 10957 3.144
STD4 2/1596 1523 1.233 9.706 0.841 1327
STD2 24596 1526 233 2433 3.004 1.564 42718 2371 8636 203 274942
STD.l-BLANK 2/1596 1529 0002 -0.01 0.023 0.009 0.004 -«*4 0.011 *001 0028 0.0U9 7E*4 *01 *007 0 0004 0033 0.002 9E*400099
STD.l-BLANK 2/1596 1531 0.009 0.026 0004 0.001 0.002 0002 0.003 *001 0.02 46*4 -2E-04 *01 0.002 a® 0.002 0.014 4B-04 *002 0.0026
OCMPl-4 2/1596 1534 2 49 232 26 2623 2593 2.469 2554 252 253 2577 2519 26 2.54 16 162 26 2469 1514 2643
8-fflB-l 1220ca 2/1596 1538 439 O.ffl 1.86 0.004 0.009 -0007 0.145 0.602 0297 0.065 0.003 0.469 *004 0.11 0.05 149 0.014 0.022 0.2179
8-01B-1 20 5-30. Sea 2/1596 15-tf 17 0065 3.11 0.006 0.002 4E-04 1.651 586 1 0321 0009 0309 0.009 097 016 5 0024 0 083 133
A l  205-3O5ca 2/1596 1548 17.6 0.072 3.1 0005 0.001 IE-04 1.648 5.86 [.00 0.519 0.01 03 o.oei 099 0.17 5.11 0024 0.085 1327
S-D2C-2 10-21ca(2) 24596 1551 5.15 0.173 396 0.01 0.001 ■&M 338 151 0.728 055 OOZ3 0338 0 1.9 0332 4.02 0.05 0075 1374
8-HC2U 21ca 24596 vss 3.95 0 018 1.97 0.002 0.002 ao® 0.491 130 0.298 0.168 0.003 047 0.022 03 0.052 158 0.012 0024 0-413
8-OC 2 4.5-8.Sca 24596 IS 59 5.52 0048 245 0004 86-04 -0.004 0.941 2.9 0.43* 036 0.006 047 •0.002 0.56 0091 208 0017 0.04 0.8045
8-002 21 30ca 2/1596 1*01 1.17 0016 0.686 0001 5E-04 aa* 0.129 0399 009 0.(B9 0.002 0084 *001 008 0.009 0.482 0004 0005 01487
CCMPl-4 2/1596 1*04 2.59 2.67 27.8 2856 2731 208 2639 265 2*4 2726 2681 2*2 172 2.9 179 27.6 1S3 2618 2853
C0MP1-4 2/1596 16.06 255 264 27.2 2779 2694 258 2609 26 259 2673 2*29 259 10 17 172 27 1507 1578 270
8-HIBl 3l-41ca 2/1596 16:09 135 0.(86 0.731 0.003 0.003 -0008 0.265 0.758 0.133 0.055 0004 0.095 *001 0.16 0.073 0.643 0.008 0.012 0.1956
&4QB-I 0-9ea 24596 1*13 135 0.045 1.04 0 004 66-04 *001 0.57 2(B 0.194 0.165 0.006 0.137 *009 0.29 007 0.955 0.009 0.012 0.6774
8-OC-2 3<M0ca 24596- 16:16 737 0.003 239 0.002 66-04 *004 0.207 0.627 0398 0.08 0.001 0397 *002 an 0.017 1.99 0014 0029 0 2688
S-BCIOASca 2/1596 1*18 376 0064 242 0.004 0 001 *.007 1.148 3.39 0426 0416 0007 0356 *003 077 0103 2 0.01S 0.02 1088
8-1002 39-42ca 2/1596 1*21 291 0023 1.55 QOOl IE-04 QOOl 0222 6.21 0.173 005 0011 0 188 *001 0.28 0.018 1.61 001 0.014 0386
8400 2 32 39ta 21596 1*24 4.86 0.007 192 0.002 ff-04 *002 0.26b 421 0.247 0.058 0.004 0.192 *00) 0.29 0.042 1.77 0012 0.019 04577
8-OC-2 8.5-1 lea 2/1596 1*27 2.9 0.015 1.57 0.002 -ffi-04*007 0.527 1 59 0.2S7 0.223 0.002 0391 *005 0.29 0.046 136 0.01 0019 0.5028
8-OIC 2 10-21 ALGAL2/1596 1*31 9 16 038 84) 0 025 0.0U) 0.016 7.612 2*3 1.81 1.618 0 041 0.544 0.001 4 0.735 7.95 0.075 0.10 5.986
8-OIB-l 0-*a 2/1596 1*34 1.6 0.(8 1.11 0 003 -3E-04*004 0574 204 0.204 0.165 0001 015 0 009 03 0 058 1 0009 0013 0.6814
84002 213Jea 2/1596 1*37 5.24 0073 29 0.011 IE-040.005 2483 421 0346 0.157 000 033 0 0.89 0.151 6.04 0.025 0.02 232
84HC-2 21 32ca (2) 2'1596 1*40 1.66 0 042 137 0.006 -6E-040.004 1.454 233 0.153 0.08* 0.©7 0103 *003 0.5 0.079 3.09 0.012 0.013 1.282
8-fflB-l 9-12ca 2/1596 L*43 5.55 0.02 *14 0.009 0002 0 011 1.449 463 0.611 0.812 0.07 048 0 6.4 0 239 4.16 0.123 0.052 1.446
8-STRJSLANKM DUP2/1596 1*48 -0.04 0005 0.012 IE-04 0 *006 0 0013 0.011 *001 0 *05 *003 00 *01 *11 * *05 *024
C0MP1-4 2/1596 1*51 2.59 272 281 2902 277 266 2652 2.68 2*5 2747 2734 2*4 177 19 182 278 2536 2631 29
STD 1-BLANK 24596 1*55 0.03 -0 0017 0.002 0.001 0003 0.002 *019 001 0 0.002 0.007 0 0.04 *01 *1 9G*4 9E-04*000
COMP! A 24596 1*57 2.52 265 2*8 ITT 2657 2541 2589 257 236 209 2625 2*1 164 18 166 266 2.488 1552 2732
COMP!-4 24596 17:02 256 2.7 27 1 I'D 2.>OI 2.391 2642 262 239 2681 2671 :*7 2.69 18 10 T 1549 2606 2771
ICAPES data for bead sampies analyzed oi 3/7/96
Sample Name Date Time Al Ai Ca Cd Co Cr Cu Fe Mn Mo Na NI P Pb SI Sr Tl Zn
STDI-Blaok 3/7/96 13:17 0.06738 -0.00733 0.00128 0 00109 0.00171 0.21623 0.00109 0.00342 -4E-05 0.00057 0.00023 0.06052 0.00409 0.10566 0.04228 0.00704 0.01814 0.01714 0.0018
STD2 3/7/96 13:20 22.308 2 38004 2.87047 1.57228 4.36314 2.20128 8.64423 19.3695 3.13347
STIJ3 3/7/96 13:23 2.20152 1.75166 2.4709 11.0166 1.95971 3.03971
STD4 3/7/96 13:26 1.61195 8.9989 0-925 12.9843
STM 3/7/96 13:29
BLANK-STD 1 3/7/96 13:31 0 0.012 0.003 0.0003 0.0008 0.0062 0.0006 -0.007 0.008 0 -0.0002 0.022 0.001 0.02 0.007 0.022 0.0003 0.0001 0.0006
USGST107 3/7/96 13:34 0.225 0.003 12.8 0.0166 0.0139 0.0252 0.0318 0.046 2.29 0.0517 0.0165 22.7 0.031 0.03 0.009 4 13 0.0641 0.0014 0.0888
USGSTI 17 3/7/96 13:37 0.068 0.002 23.4 0.0022 0.0038 0.0256 0.0064 0.4% 11.2 0.2428 0.0129 21.9 0.007 0.26 -0.013 6.31 0.2792 0 0024 0.2028
8-STR.BLANK 3/7/96 13:40 0.033 0.008 0.032 00005 0.0003 0.0056 • -0.0003 -0.003 0.019 0.0006 -0.0017 0.011 0.003 0.01 -0.019 0.021 0.0002 -0.0022 0
8-STRBLANK2 3/7/96 13:43 •0.004 0.014 0.013 0.0005 0 0.0071 0.0003 -0.002 0.013 0.0002 0.0013 0.012 0.004 0.04 -0.019 0.012 0 0 0014 0.0006
8-STR.BLANK3 3/7/96 13:45 0.016 -0.004 0.005 0.0006 -00002 0.0113 -0.0012 -0.005 0.009 -0.0002 -0.0027 -0.001 0.001 0.03 ■0.016 0.001 0 0.0011 0.0005
8-BEADBLANK11 3/7/96 13:47 2.72 0.002 0.732 0.001 0.0007 0.0137 0.0009 0.013 0.146 0.0078 0.0002 0.133 0001 0.07 0005 0.726 0.0041 0.0118 0.0013
8-BEADBLANK12 3/7/% 13:50 1.54 0 0.459 -0.0002 0 0.0115 -0.0003 0.011 0.079 0.0045 -0.0013 0.074 -0001 0.03 -0.031 0.474 0.0026 0.0055 0.0006
8-BEADBLANKI3 3/7/96 13:53 1.76 0.004 0.508 0.0006 -0.0002 0.012 0.0009 0.01 0.088 0.0054 -0.0017 0.083 -0.004 0.07 -0.004 0.532 0.0029 0.0068 0.0012
8-BEADBLANK14 3/7/% 13:55 1.59 0.005 0.451 -0.0002 0.001 0.0153 0.0003 O.OOS 0.079 0.0039 -0.0011 0.082 0.001 0.08 -0.005 0.499 0.0027 0.0068 -0.0001
8-I1B-1 8-14cm 3/7/% 13:58 1 69 0.075 0.941 0.0028 0.0008 0.0139 0.3992 2.75 0.167 0.1261 0.0028 0.137 0.001 0.49 0.161 0.83 0.0098 0.0252 0.7463
8-I1B-1 14-26cm 3/7/% 14:00 1 54 0-061 0.781 0.0005 -0.0002 0.0126 0.2649 1.13 0.171 0.0578 0.0007 0.151 -0.002 0.19 0.085 0.667 0.0067 0.0203 0 5797
8-IIB-l 26-35cm 3/7/% 14:03 1.61 0.142 1.02 0.0019 0.0012 0.0189 0.4125 3.62 0.215 0.1197 0.0054 0.157 -0.001 0.52 0.188 0.988 [0.0106 00298 0.4673
S-UB-I 35-41cm 3/7/% 14:06 2.12 0.176 1.17 0.0032 0.0005 0.0175 0.2964 3.1 0.229 0.1164 0.0041 0.1% 0.004 0.46 0.123 0.959 0 0116 0.0295 0-5005
8-IIC-2 30-40cm 3/7/% 14:09 1.58 0.015 0.65 0.0013 0.0002 0.0133 0.1015 0314 0.109 0.037 0.0024 0.14 0.001 0.1 0.01 0.546 0.0042 0.0093 0.1354
8-IIIC-2 0-10cm 3/7/% 14:12 2.35 0 062 1.72 0.0033 -0.0007 0.0211 1.077 3.7 0352 0.3179 0.0044 0.182 -0.001 0.75 0.114 1.59 0.0143 00343 09279
8-I1B-GW5 7/6/93 3/7/% 14:14 0.158 0.991 141 0 0044 0.01 0.1625 0.0249 229 15.6 23.09 0.3262 43.5 0.004 1.8 0.036 31.3 05723 0.0216 0095
8-1IA-GW5 7/6/93 3/7/% 14:18 1.88 2.79 367 0.0H8 0.0525 0.2291 1.061 223 63.2 48.6 0.3428 688 0.025 0.88 0 217 34.4 1 208 0.0863 2.773
S-STR.BLANK1 3/7/% 14:21 0.012 0.028 0.102 -0.0008 -0.0013 0.0119 0 0.583 0.022 0.0132 0.0003 0.033 -0.002 -0.05 -0.029 0017 0.0006 0 0005 00002
FLUSH 40% 1ICL 3/7/% 14:23 0179 -0.003 0.038 -0.0052 0.0144 0.1113 0.0045 0.526 -0.105 -0.0026 0.007 0.231 0 0.17 0.041 0.03 0.0046 0.0213 00052
FLUSH 40%IICL 3/7/% 14:28 0.034 0.005 0.015 00002 0.001 0.0106 0.0003 0.059 0.012 0.0009 0.0005 0 0003 004 -0.014 -0001 0 •0 0011 0 0012
FLUSH 40%HCL 3/7/% 14:30 0.004 0.021 0.008 -0.0008 -0.0007 0.0149 0.0006 0.072 0.014 0.0002 -0.0014 0.007 0.002 0.07 0.01 0.002 0.0002 0.0003 00018






l a b o r a t o r y  d u p l i c a t e s  ( b e a d  s a a ip l e s ) :  C a k a l a l l o M  w o r k s h e e t  
(a ll cooceairaK ioas ad justed  fa r  M a p le  m a n  aod  d ila tio n  fac tor)
LabDepl L A 1 H I UbDepL Lab Dept. LabDepl. LabDepl LabDepl Lab Dnpl.
S t a p h  N u t lB -I S J n a IB-1 O J m %CHC 1B-I S - I lm IB-1 S -l2 m %CHG IA 4 l-12m t2 ) 1AU9-I2m<2) % c H a 1IC -1941m D C -194 Urn %CHO IIC-138-42m DC-1 39-42m «C H O lfIB -339 -4 lm  D B 3 2 8 -4 1 m %CHO M B -lS -S m I U B 4 9 4 m %CHG 11IA-18 -5 5 m lllA-1 M 5 m WCIIO
iU i M M i 1/2646 1/2646 1/2646 1/2646 1/2646 1/2646 1/2646 1/2646 1/2646 1/2646 1/2646 1/2646 1/2646 1/2646 1/2646 1/2646
A ttlyM iU a* 1031 10:43 • 10:47 1114 11:33 11:50 1243 12:41 13:01 13:03 1413 15:45 1425 1331 1328 1334
Al 349 1*6 137 n 105 IIS 295 632 721 39.9 0 .7 729 179 W.7 7 2 2X1 111 162 1 337 75.4 765 239 306 24 6
Aa BDL BDL BDL 0 71 0.61 249 o a 1)46 32 BDL 035 BDL BDL BDL BDL BDL BDL 268 266 0.6 BIB BDI
C a 1* 91 104 94 I I I 164 133 144 7.9 122 121 5 1 1.02 7.97 0.6 9 8 13.4 30.9 228 255 11.2 146 13 3 47
C d 0074 0069 7.0 DL 0053 BDL DL DL a . BDt. BDL BDL BDL BDI BDL BDL BDL BDL BDL BDI. BDL BDI BDI BDI
C o BDL BDL BDI BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDI BDL BDL BDL BDI. BDI BDI BDI
C r BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDI BDL BDL BDt. BDI
C a 14 2 142 05 6 1 6.6 20 114 111 12 47 47 0 3 0 9 17 14 IS 65 142 14.1 0 4 7.7 77 00
F c 131 144 95 502 50 0 0 391 401 25 154 1*1 4.4 354 3 46 23 534 693 2X4 700 700 0 0 345 33 0 16
“ I 141 190 249 4 1 62 40.7 65 7.4 153 16 39 401 14 14 17 166 678 121.3 19 3 1 501 24 16 87
M a 161 16 S 0 2 65 64 0.3 73 7.2 0 5 1-7 IS 2 0 041 0.41 0 3 0 4 0 3 30.2 OS 0.9 5 6 23 13 10
M o BDL BDL BDL 005 0.07 22.6 005 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 1.06 107 14 007 007 43
' b 147 151 27 40 43 19 7.7 7.9 1.9 24 1 6 73 20 2 0 33 17 25 396 2 8 32 IS I 22 24 59
r a BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 031 033 7 9 BDL BDI RD1
p 44 5 3 4 104 109 47 s i S3 0 0 40 41 2 4 19 21 100 10 1 J 215 176 18.1 2 8 3 4 33 44
P b BDL BDL BDL 10 1.0 2 9 10 0 9 47 07 0 6  v 7.6 BDL BDL BDL 0 6 OS SO BDL 0.6 BDI OS 01 26
SI 11 22 0 927 I I 17.8 75 1 u s 223 423 126 19 1 41.1 628 6 2 16 7.7 21 94.0 643 68 6  1 14.2 16 94
S r 001 009 13 012 013 7 J 013 0.14 4 ) 009 o.io 37 01 0.1 0 9 008 0  10 26J 030 032 42 0 12 012 30
T l 017 040 932 017 0 34 66.4 0.28 0 40 353 024 036 394 014 0 14 0 0 014 04 0 99.1 o IS 022 374 0 21 0 24 109
Z a 277 27.7 01 123 1L2 1.0 111 137 1.0 52 S3 1.1 410 407 0 7 23 2 4 6.2 186 11.9 16 91 9.2 09
Labdopl U b < M Labdepl. Lab 4m * Labdepl. LabDepl. LabDepl. lab  Dept.
S t a p h  N a m IB-3 21- J im 1B-J 2 1 4 1 m %CHC l B - » l U l m 1BO 1 1 4 1 m «C H G IB-3 314 1 m l B 4 3 M lm %CHQ 11B-2 tOOSca U B - m O i a % c u o UA-2 2 1 4 2 m 11A 2  8 4 2 m WCHO U C JS J - lO c a  UC-3 8 3 - l9 ea WCHO UC-3 2 8 4 8 m  I lC J  29 5 8 m  %CHO U L A -214832m U I A H 4 J J J O I * n i < ;
A « a |y h h i« 2/606 2/6/96 2/646 2/646 2/646 2/646 2/646 2/646 2/646 2/646 2/1546 2/1346 2/1346 2/1546 2/1546 2/1346
A e d p b t J a a IS 17 15:19 15:14 15:21 13:24 1526 15:41 15:43 16 23 1625 10:35 14:09 11:19 14:16 1413 14:37
A l 372 365 190 403 51 170.71 503 4*5 364 462 387 17.67 403 4.32 695 0937 128 309 2.17 362 SO 1 129 226 346
Aa 0009 4.001 BDL -0.006 -0.001 BDL 0007 -0.009 BDL 0017 0019 BDL -0.003 0.005 BDL 0018 0012 BDI. 005 0033 BDI 0 009 0007 BfH
C a I 52 144 5.41 202 2 32 13*2 145 149 2.72 201 2 030 182 188 3 24 0527 0499 211 0607 102 501 0633 0 765 119
C d 00066 00051 BDL 00107 00019 BDL 0005S 0006S BDL OOOI 04016 BDL 0.0007 00005 BDL 00006 00007 BDL 00026 00008 BDI 00014 4  0UOI BDI
C o 40001 4.0001 BDL 0001) -0.0013 BDL 4)0015 -00008 BDL 4.0004 0 BDL 4.0023 0.0029 BDL
c r 00217 00195 BDL 00225 00209 BDL 00173 0011 BDL 02281 02244 1.64 00188 00169 BDL
C a 1022 1015 0 69 1174 1 179 0.42 0-7979 07957 021 04255 04265 023 0.171 0.1721 0  64 • 02177 02 )02 33 01149 0 1179 1 8 0043 0 0439 2 I
F a 095 0939 I 16 105 124 1639 0996 0981 051 3 13 313 000 0736 0739 041 0-729 072 12 144 144 0 0 0465 0 4*2 36
M | 1 19 1 II 094 i n 291 45 27 102 0994 25S 0365 0352 363 0311 0313 064 00*5 0094 DL O H S 0139 BDL 0.139 0158 128
M a 1238 1221 131 2 017 2024 035 0 9S62 0.9759 105 01SS 0-184 034 007J7 00724 041 00816 0.0781 4.1 0.0317 00405 45 00171 00194 126
M o 00013 00003 BDL -0.0001 -0.002 BDL •0.0013 -0.0029 BDt. 00044 00058 BDL 0.00)9 -00022 BDL 00008 00053 BDL 00013 00056 BDI 000)2 o n o is BDI
N a 171 1.7* 0 245 2 S3 321 107 109 l U o a t 0441 0.00 036 0361 028 0084 0.123 BDL 0091 0133 BDL 0175 0221 232
NI o o o i 000* BDt 0011 0012 BDt. 0006 0009 pDL 0 271 0268 111 0005 0006 BOL 0007 -0.001 BDL oo o i 4 0 0 4 BDL OOOI 000) RDI
P 0 41 031 759 o a OS 409 043 045 455 056 051 935 042 043 235 028 044 200.0
Pb 0.021 4 023 BDL -0-0U6 0034 BDL 0001 -0002 BDL 0015 0.01 BDL 0 0 2 -0025 BDL 009 0.024 BDL o o a 002 BDI. 0009 0004 BDL
Si 1.16 111 4 41 11* 354 100 12 122 165 169 161 4.26 136 1.41 361 0457 0317 125 0562 0912 473 042 0 375 312
& 001 00095 513 0.0119 00136 1333 0.0095 0.0097 201 00129 04>12S 078 00111 001)4 267 00041 00044 BDL 00046 00064 BDI 00036 00043 BIX
T i 00195 00194 s a o 00206 0.07*5 1)335 00217 00217 000 00292 00279 435 002J9 0024 042 00064 00063 16 00074 0.0104 33.7 0 0046 00073 479
Z a 193 1906 125 3233 3203 093 1552 1337 097 04571 04567 0.09 0221 0 32  U OIS 02064 0.1926 6.9 01624 01339 5 4 00916 0.0969 24
LabDepl LabD epl Lab Dtp! LabDepL L abD *L S t a t i s t i c s  m  c o a p U a t l a a  o f  a l l  l a b o r a t o r y  d v p H c a le s  i b e a d  s a a i p k s )
S t a p h  N aa* 1IC*} 1*49(21 I1CO 1949(2) %CH<! 1IIB I B i J l i  UfB-1 N i - B J %CHG 1 IB -19 -9m lU B-l M m w n i a I1C-3 3 8 5 4 m IlC-3 39 J* a a I 1 C J  1934m  %CHO
A t e h *  dale 2/1346 2/1546 2/1546 2/1546 2/1546 2/1546 2/1546 2/1546 2/1546 STD. MEAN* I  OF SID . 9 5 «  CONF.
A a « h * ( * * 1 4 a 14:49 15 46 1546 16)3 1634 10:44 10:52 10:54 MEAN DEV. 8TDDEV DATA EBB. O F MEAN
Al 13 14 7 4 17 176 33 135 16 169 109 218 213 706 A l 33 29 3437 109.66 20 286 6019
Aa 0 U 1 0*7 13 0065 0-072 DL 0045 003 BDL 0029 0023 0026 BDL Aa 7 . a 1168 19 IS 4 389 13)0
C a 141 I S 0 0 3 11 3 1 OJ 104 111 65 0691 0739 07*7 S I C a  I1 J3 1275 24.07 20 067 12 64
C d 00099 00102 BDL 0005o 0005 BDL 0.0036 00025 BDL 00023 00014 0.0017 BDL C d  7 04 NA NA 1 NA NA
C o C o 0
C r C r  164 NA NA 1 NA NA
C a 0 5405 05374 06 1 651 i o a 02 0S70I 05741 0 7 00S3 00823 00823 OS C a  123 LSI 274 20 008 139
P a 244 24.3 0 4 516 5 16 0.0 203 204 05 20* 204 LOS 1.9 F c  3.45 6.00 9 44 20 032 407
M | 0 10* 0 10* 0.0 1 103 30 0194 0304 SO 0103 0.132 0122 247 M g 22 32 3009 5242 IS 177 25 79
M a 0.1454 01446 0 6 05207 05194 0 2 01646 01654 0 5 00396 00996 00396 0 0 M a  332 700 1052 20 0 37 404
M o 00365 00357 22 00091 00109 DL 00056 00014 BDL 00023 00041 0.0014 BDL M a  7.63 10.05 1768 4 3 35 14 19
N a 009 0096 DL 0309 0 3 30 0137 015 91 OOSS 009 00*5 BDL N a  7 85 1048 IS 33 16 0 70 9 22
NI 4.004 0 BDt 0003 o o o i. BDL 0003 -0003 BDL 0004 0002 0.005 BDL N  449 47* 9.27 2 478 1306
P 097 099 2.0 029 0 3 3 4 069 009 0 75 *3 P  17.10 4758 6 * a |7 296 22 90
Pb 003S 004 BDl 016 017 61 007 0.051 BDL 005 0063 0.068 BDL P b  5 J2 2.29 7.60 6 o a 6 21
Si 2 IS 211 a o 5 511 2.2 0.935 1 4 6 0529 062 063 174 Si 2956 347J 6431 20 i t i 33 13
S r 00151 00151 0 0 00231 00237 0 4 oooss 000*7 23 0007 0.0099 0007} 43 S r  5 23 6.37 1160 17 040 6 0 )
T i 0006 00063 4 9 00126 0095 29 0012 00134 110 00067 0008 0.0087 260 T l 3119 3493 6613 20 184 34 80
Z a 07654 0.7SS4 0 9 133 1J27 02 06774 06S14 0 6 02901 01797 0389 37 Z a  i n 207 3.87 20 0 11 202
A
ppendix
Staple dipH nlw  (bead u n p k tl :  Calcalatloss worksheet
(ilmM riitm rtlMMtfariamli mm m
Saaflf da0 8aapie*|t Swiffe *$*. SMffedbji
M t a f IC4 ic4 s-ikaat t n u S IM n 1 4 -IU aa i «CHU lA490c« IA1*0«m2I «CBC U4DJMta IA4 &4Uta(SI «CftG OAO U9»2l9na DA412621 Jd) «CHG OB-3 254 ka HB-) 254kail) %CHG
A«eh**H 1/360* 1/W96 14606 14606 1/2606 1/2606 1/2*0* 10606 1/2606 1/2606 1/2606 10606
1Q24 103 101$ . 1041 1130 113) 11:47 1133 1211 1214 1237 1240
Al 239 294 214 149 16$ 699 114 295 462 539 SOI 4.4 5*9 361 79 41.5 12J KB.4
A> 43 3 J 112 BDL BOL m 0.4 03 260 Bn BDL Bn Bn BDL BOI on BDL Bn
Ca lit 141 17* 11 91 107 113 133 79 237 297 145 73 19 174 113 74 41.4
Cd BDL 0 10 BU OJ 01 4 J) BOL DL BDI on BOL on Bn en Bn BDL BU BIX
Co BOL an BIX on. BDL sn BOL BOL on Bn. s n s n s n Bn Bn BDL an BIX
Cr BOL BDL BDL sn BDL BDL BDL BU BDL Bn BDL s n Bn BDL BDL BDL BDL e n
Ca iao mo OJ 142 146 23 16$ 1*4 $6 110 >09 09 12 11 132 U 1.1 115
Fe Z-1Q 244 99 111 153 155 352 39$ 114 142 IS 21 137 113 20$ 70 37 211
M| 4J SJ 67 14$ 14 1 4.9 34 63 163 39 51 Zl.l 17 1$ 09 23725 1.1340 Ml
Ma 7.0 74 5* 161 161 OJ) 66 73 95 )3 29 293 04 04 65 05 04 ' 196
Mo Bn BU. BDL BDL BDL BDL 00 00 10 02 02 59 Bn. B0L Bn. BU. Bn Bn
Na 43 47 4* 147 15 3 49 72 77 61 *0 41 214 1.4 1.7 24.0 2.4 1.7 545
NI OJ 02 534 BOL B1X- BDL 0 a n Bn. Bn ML Bn Bn BOL Bn BU. a n on.
P 296 27.1 $6 44 49 119 100 t i 166 34 5* 23 44 39 15 2 2) 29 12.1
Pb 1.4 U 172 BOL 01 BDL 19 19 34 17 15 121 BDL s n BIX Bn s n BDI
SI 21.2 19J 64 11 69 154 115 IL3 231 244 241 1.1 63 6.9 9.9 91 5.4 502
Sr OJ OJ 109 0.1 01 119 01 01 i 1 0.1' ai 147 0.1 0.1 56 01 01 33$
Tl OJ OJ t* OJ 01 109 02 05 14.7 02 02 179 02 OJ 09 02 01 470
Za 22.6 19$ 132 27.7 2tO 12 123 131 111 *7 *9 115 13 13 49 1.4 IJ 134
SaafH*** 9—P4.6HL Sm+'+jL g i l l  <bq*
SwfeNw DC.|fll« fIC-li-llna <21 «CBG O C .I llt i D M M bad SCHG 0D-2M-Soa DU-2 S-JHU «CBG OKM IIA a DMIUhall) %CBG IA-lL0n» U-ILOead) «cnc DA J  05-21* DA4 1332150) %CHC OAJttJfca 0A4U9r«0 t/llG
Aarfi*ea» 1/2606 14606 10606 14606 1/2606 1/2606 1/260* 10606 2406 2006 2006 2006 200* 2006
Aaitaitoi 12:43 1143 1155 123$ 1431 14:33 1455 145$ 14:15 14:17 161$ 1620 1623 1627
Al 399 233 43 9 356 70$ 6*2 16) 213 265 224 1*4 324 31.7 23 265 19$ 29 9 200 266 2$)
Ai BIX BDL BOL 0.9 0.9 6-7 BDL BOL Bn un BDL 023 0J2 on 0.01 095 BDL 00149 OCDCC BU
Ca 12J 12$ 34 115 13 2 194 14 91 13J 112 10.1 19$ $2 S.7 99 100 06 90 10* It*
Cd BOI an BDL Bn Bn BDL Bn on on Bn Bn mi 0920 0920 BDL OOCCS 09090 s n 0005 00010 s n
Co BOL BDL BDL BOL BIX. BDL on. Bn Bn Bn BDL on 0011 0.005 BDL 0.0170 001)4 Bn 00114 00136 Bn.
Cr BOL BDL BOI BOL BOL BDL BOL Bn Bn s n BDL BDL 099$ 0974 21-6 oa$ii 09744 $6 0095 00* 30*
C» 4.7 SI 7J 16 1-7 *1 0.7 03 9*9 0.9 01 BDL 4.49 439 21 1747 19*7 79 0947 09S 11
Ft 15-4 160 31 iao 943 31 33 31 121 ) 4 21 69 1001 9.92 1.1 7.409 79* 63 3*46 3 76$ 33
Mg 26 24 $ 7 19 32 490 12 14 15 7 16 14 174 )ll 295 23.3 33$ 155 74.2 1341 1731 116
Ma 1.7 19 93 U 13 31 01 02 104 04 01 129 2-97 239 17.4 06)6 0*59 33 03602 03153 4 1
Mo BDL BDL BDL 0.1 OI $.9 BDL s n Bn BDL BDL 15 0007 4.004 Bn 00220 0.0003 BU. O.ODM 0.0111 BDL
Na 2.4 24 11 11 22 207 1.7 13 109 4* 41 Bn 3.493 2336 319 1722 u s t.7 |7$3* 20326 13 1
NI BOL BDL BDt BDL Bn. BDL 0.9 02 1179 Bn Bn 0.7 0040 0920 s n 0030 0045 on 002* 00352 BU
P 40 42 4* 1Z5 13 1 43 BOL Bn on i.i 10 Bn. 2504 2*0 36 265) 2IX $.1 20$l 1962 59
Pb 07 07 3 1 06 06 U BDL Bn Bn Bn Bn 45 0303 0 20 BIX. 009) 0905 o n 0099 0.141 BDI.
SI 116 104 19.5 114 156 22-4 53 76 361 $i <0 Bn 1496 tin ).7 $91 7 74 14.1 67* $301 20$
Sr 01 0 1 37 01 01 120 09 01 134 01 0.1 172 0075 09* 230 0065 0966 14 0055 0064 * ISO
Tl OJ OJ 70 OJ 03 * 510 01 0.1 296 01 oi 1IJ 0.1* 0133 24 1 01507 01474 23 011$ 0.1)7 144
Za 5J 59 113 11 34 114 11 01 21$ )i 25 291 59S 611$ )9 19*$ 297)5 95 10949 108)1 33
Sm+t *0 SM|*«Oa|iL SMffed* Oa**' ** S«*|fe*fL
SafONaw HA4XJ9*a DA4229)ta(2) tru e 9CJ Hlfeta BC4 1*4*2) 9CH0 BfjM Jka 0l‘4»44lta ll> «CBG 01C4 *4tea IVIC4 *lka(t) «CMG DKMtUtta mCAtt-Scadl %ctK, Statistics • •  conpUattos ef *8 sinapfte daplfcates ibesda)
AaMbto 1606 2/1506 2/1506 2/1506 2/1506 2/1506 2/150* 2/1506 2/1506 tm MEAN* 4 OF STD. 99% CONP.
AaafcMithae 1623 16.27 14:44 1449 14 32 14:35 13:10 1551 16)7 1640 MEAN DEV. 0TOEV. DATA EUL INT. OFMEAN
Al 200 2*6 zts 1746 1406 2153 12JD 1317 $06 20 JO 25* 23 45 2619 16* 44 34 Al 3342 r .u 6*90 17 19* 3*50
Ai 00149 00302 BOL 6.71 $74 2622 322 21$ 11.17 on OM 595 03* 092 BOL Al 1454 $92 23-1$ 6 154 P it
Ca 90 109 1$* 1442 14 $7 594 2650 2516 244 1611 197* 29)1 1450 1)77 ) 12 Ca 1499 *41 *40 17 $91 IS 3)
Cd 0.0033 ouoio BDL 00$ 010 29P 097 096 Bn 994 005 s n 095 0J)6 s n c$ MJ7 NA NA 1 NA NA
Co ■00114 00136 BOL BOL Ca NA NA NA $ NA NA
Cr 0093 DOS 306 BDI. Cr 20.14 1197 5UI ) 594 2*0
Ca 0947 0J3I 11 524 540 294 17* 139 it ta 14 3) 1606 16 n 1241 1462 1631 Ca IL97 *49 12.45 17 I3| 1639
Fe 3-646 5761 3J 20341 244.12 1722 21062 200.1$ 59$ *633 7130 12* 21944 234J2 10 70 Fa $ 9 647 16*1 17 $3* IIS
Mg 1341 1731 lib 119 IJD 934 I6D 150 614 214 3* 2435 17) 154 1172 M$ 215$ 2L7* 4334 17 12$ 2491
Ma 03602 OJ733 41 131 143 1036 194 116 4.42 229 2.74 l$0| 0.7$ 096 an. Ha $43 693 1145 |7 $3* N.I2 .
Mo O.0D94 •OOl 11 BU. 029 036 1966 031 030 433 099 0.11 lin 0J1 037 1541 Ma 1197 $42 l*« 7 IJ* 13.41
Na 1706 20326 131 121 096 22-* 090 096 6.95 131 140 253) 165 194 45 75 Na 1641 125* 260 |7 $19 1*1*
NI 0024$ 00332 Bn. OOl 000 BDL OOl O.OS Bn Bn 090 43* BOL NI mm 414* 1)139 2 21* IS
P 2 Oil 196 59 445 599 1219 t *47 4.7$ txr 1) $3* $1$
Pb 0099 0.141 BOL 036 040 BDL 014 012 lit 1 It 146 , 5300 0.75 0.19 on r* $.77 IL3B 2LM $ Ml 1193
SI 6 73$ *301 201 2069 2IJD 56$ 916 mil 25) 1611 M 21-79 5919 3106 294 9 •694 1191 299* 17 $.77 1794
Sr ooss 0064 110 014 015 714 041 040 319 015 $.1$ IB4B 912 012 151 $r 119$ $34 199$ 17 $4* 129)
Tl Old 0117 144 010 006 44.95 096 096 1* 032 $51 15-14 016 0 13 2290 Tl *51 1394 HU 17 •91 199*
Za 10949 10601 3J 6.91 7iJ 97$ 14.65 139$ 539 1006 V1114 1626 11* ' 12$9 MS4 2a 1LM 7.1$ 1624 17 $42 IIS K>
A
ppendix
CONCENTRATIONS ALONG BEAD COLUMNS (adjus *d to ug/ g BEAI ')
Date Mass Dilution SW/Subs. Colors on
Sample Natfie Analyzed analyzed (â factor boundary bead tube Ca Cd Cu Fe Mg Mn Mo Na Ni P Pb Sr Ti Zn
BEADBLNK1 1/26/96 1.0022 5 (0cm -lop); 20 BDL 1.1 BDL BDL BDL 0.78 BDL BDL BDL BDL BDL BDL 2.1 BDL 0.0324 0.024
BEADBLNK2 1/26/96 0.9939 5 v=very;l light 11 BDL 1.3 BDL BDL BDL 0.58 BDL BDL BDL BDL BDL BDL 1.9 BDL 0.0332 BDL
BEADBLANK3 1/26/% 0.9999 5 15 BDL 3.4 BDL BDL 0.18 0.85 BDL BDL 0.88 BDL BDL BDL 3.9 BDL 0.0715 BDL
BEADBLANK6 2/6/% 1.0076 5 83 BDL 15 BDL BDL 0.59 3.2 0.160 BDL 2.5 BDL 1.4 BDL 14 0.077 0213 BDL
BEADBLANK7 2/6/% 1.0012 5 81 BDL 10 BDL BDL 0.76 2.5 0.119 BDL 1.9 BDL 1.3 BDL 11 0.053 0.150 BDL
BEADBLANK4 2/6/% 1.0023 5 84 BDL 11 BDL BDL 0.69 3.0 0.129 BDL 1.9 BDL 1.5 BDL 13 0.055 0.165 BDL
BEADBLANK8 2/15/96 0.9% 1 10 11 BDL 2.4 ■BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 4.8 BDL BDL 0 0020
BEADBLANK9 2/15/96 1 0071 10 11 BDL 2.8 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 5.9 BDL BDL 0.0139
BEADBLANK10 2/15/96 1.0016 5 25 BDL 3.9 BDlP BDL BDL 1.2 0.057 BDL 0.58 BDL BDL BDL 4.6 BDL 0.080 0.0120
BEADBLANK 11 3/7/% 0.9861 10 28 BDL 7.4 BDL BDL BDL 1.5 0.079 BDL 1.35 BDL BDL BDL 7,4 BDL 0.120 BDL
BEADBLANK 12 3/7/% 1.0065 10 15 BDL 4.6 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 4.7 BDL 0.055 BDL
BEADBLANK 13 3/7/% 1.0062 10 17 BDL 5.1 BDL BDL BDL BDL 0.054 BDL BDL BDL BDL BDL 5.3 BDL 0.068 BDL
BEADBLANK 14 3/7/% 0.9742 10 16 BDL 4.6 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 5.1 BDL 0.070 BDL
IA-1 0-13 cm 2/6/% 1.0076 5 13cm 0-7 green 32 BDL BDL BDL 4.54 10 BDL 2.73 BDL 3.0 BDL 2.6 BDL BDL BDL BDL b.03
IA-1 13-21cm 2/6/% 1.0055 5 7-13 while 16 1.0 BDL BDL 10.7 78 BDL 2.25 0.10 2.4 BDL 9.9 1.4 BDL 0.082 BDL 6.58
IA-1 21-31cm 2/6/% 1.0047 5 13-21 med. red 18 BDL BDL BDL 6.59 15 BDL 3.67 BDL 4.7 BDL 4.4 BDL BDL BDL BDL 7.33
IA-1 31 -41cm 2/6/% 10009 5 21-31 while,1.red 13 BDL BDL BDL 4.37 7.6 BDL 2.98 BDL 4.5 BDL 1.7 BDL BDL BDL BDL 4.93
31-41 while
IA-2 0-12cm 1/26/96 1.0052 5 13 cm 0-13 green 37 0.44 13 0.045 17.8 39 6.4 7.05 0.05 7.6 BDL 9.0 0.97 16 0.128 0.304 13.3
IA-2 12-lScm 1/26/% 1.0042 5 13-15 light red 60 1.2 11 0.081 31.2 140 3.0 3.36 0.20 4.1 BDL 10 1.2 41 0.108 0.142 15.8
IA-2 15-23cm 1/26/% 1 0081 5 15-42 red 103 0.42 9.6 0.054 18.2 210 3.6 3.77 0.31 4.8 BDL 6.4 3.0 59 0.085 0.161 12.9
IA-2 23-33.5cm 1/26/96 0.9994 5 52 0.21 22 BDL 10.9 140 3.6 3.25 0.21 5.4 BDL 3.6 1.6 24 0.117 0.164 6.38
IA-2 33.5-42cm 1/26/% 1.0009 5 48 0.22 9.0 BDL 10.7 190 3.8 3.41 0.30 5.6 BDL 3.1 1.6 16 0.071 0.164 6.13
IA-3 O-Ulcm 1/26/9b 1.00.33 5 14 cm 0-10 green 22 0.49 11 0.061 17.8 35 6.6 8.18 BDL 9.7 BDL 10 1.1 13 0.112 0.236 17.9
IA-3 10-20cm 1/26/9b 1.0057 5 10-19 light red 27 0.65 8.5 0.063 13.2 75 6.7 7.67 0.09 10 0.65 4.3 1.1 15 0.072 0.159 13.4
IA-3 20-31cm 1/26/96 0.9986 5 19-42 white 29 BDL 8.8 0.066 7.43 5.7 10 9.85 BDL 10 BDL 3.0 BDL 62 0.064 0.139 15.5
IA-3 31-42cm l/26/9h 0.9%7 5 29 BDL 17 BDL 5.40 5.6 6.6 5.43 BDL 6.1 0.70 2.2 BDL 8.1 0.076 0.189 8.89
IB-1 0-H cm 1/26/96 0.9972 5 79 BDL 9.5 0.073 14.3 14 16 16.8 BDL 15 BDL 4.6 11DL 12 0.081 0.239 27.8
IB-1 8-12 cm 1/26/% 1.0068 5 12 cm 0-5 green 66 0.70 10 0.053 6.72 50 5.1 6.45 0.06 4.1 BDL 10 1.0 13 0.122 0.258 12.2
IB-112-1 hem 1/26/96 1 0025 5 5-9 v.light green 13 BDL 7.2 BDL 1.45 3.8 2.0 1.25 BDL 2.5 BDL 2.1 BDL 4.5 0.054 0.124 3.89
IB-116-21cm 1/26/% 0.9926 5 9-11.5 light red 17 BDL 5.1 BDI. 0.981 1.8 1.4 0.645 BDL 1.6 BDL 1.9 BDL 4.1 0.038 0.104 2.37
IB-1 22 32cm 1/26/% 0.9977 5 11.5-41.5 white 44 BDL 7.6 BDL 2.30 2.6 2.5 1.03 BDL 2.3 BDL 2.1 BDL 6.7 0.050 0.170 3.29
IB-1 32-41.5 1/26/% 1.0037 5 29 BDL 8.7 BDL 3.04 7.2 3.0 1.82 BDL 3.4 BDL 2.3 BDL 6.9 0.066 0.185 3.28
IB-2 G-7.5cm 2/6/% 1.0016 5 12 cm 0-12 green BDL 0.53 BDL BDL 12.1 29 BDL 3.73 BDL 2.8 BDL 4.9 0.71 BDL 0.107 0.198 12.1
IB-2 7.5-12«n 2/6/% 0.9%5 5 12-42 white BDL 0.56 BDL BDL 12.9 33 BDL 3.85 BDL 3.0 BDL 6.0 0.94 BDL 0.121 0.244 10.7
IB-2 12-1 hem 2/6/% 1.0054 BDL BDL BDL BDL 4.37 6.7 BDL 3.29 BDL 4.2 BDL 1.9 BDL BDL BDL BDL 5.66
IB-216-21.5cm 2/6/% 0.9948 5 BDL BDL BDL BDL 3.38 3.3 BDL 3.21 BDL 4.0 BDL 1.7 BDL BDL BDL BDL 4.82
IB-2 22-32cm 2/6/% 1.0039 5 BDL BDL BDL BDL 1.97 2.3 BDL 1.99 BDL 3.6 BDL 1.2 BDL BDL BDL BDL 3.49
Date Mass Dilation SW/Subs. Colors on
SamDle Name Analyzed analyzed <n) factor boundary bead tube Ai £4 Fe Mg Mn Mo Nf Ni P Pb Si Sr u Zn
IB-2 32-42cm 2/6/96 0.9956 5 BDL BDL BDL BDL 2.90 6.5 BDL 1.88 BDL 3.9 BDL 1.7 BDL BDL BDL BDL 3.36
IB-3 0-8cm 2/6/96 1.0073 5 11 cm 0-8 green BDL BDL BDL BDL 7.89 19 6.5 7.26 BDL 8.1 BDI. 3.7 BDL BDL BDL BDL 12.3
IB-3 8-llcm 2/6/96 1.0068 5 8-10 light red BDL BDL BDL BDL 6.61 33 7.4 8.16 BDL 11 BDL 2.9 BDL BDL BDL BDL 13.9
IB-311-21 cm 2/6/% 1.0000 5 10-41 while BDL BDL BDL BDL 5.88 5.7 12 10.1 BDL 12 BDL 2.5 BDL BDL BDL 0.238 16.1
IB-3 21-31cm 2/6/% 0.9944 5 BDL BDL BDL BDL 5.12 4.7 6.0 6.18 BDL 9.0 BDL 2.0 BDL BDL BDL BDL 9.64
IB-3 31-41cm 2/6/% 0.9966 5 BDL BDL BDL BDL 4.00 4.9 5.1 492 BDL 5.4 BDL 2.2 BDL BDL BDL BDL 7.75
IC-1 0-8cm 1/26/% 0.9973 5 8 cm 0-8 green with red 21 0.48 9.1 BDL 5.55 18 2.6 1.98 BDL 2.0 0.25 3.6 0.71 8.4 0.075 0.238 6.79
IC-1 8-11 cm 1/26/% 0.9958 5 streak on tube 21 0.58 11 BDL 2.65 30 4.2 4.81 BDL 3.7 0.73 5.0 1.1 7.4 0.094 0.174 8.04
IC-111-30 cm 1/26/% 1.0028 5 8-11 v.light red 18 BDL 8.0 BDL 4.49 7.6 4.1 3.52 BDL 4.9 0.34 2.3 0.48 4.4 0.060 0.137 9.84
IC-1 30-42cm 1/26/% 0.9982 5 11-30 white 23 2.3 13 0.123 18.0 300 3.8 6.46 0.43 4.4 1.6 40 1.2 18.1 0.268 0.179 21.9
30-42 med. red
IC-2 0-14cm 1/26/% 0.9999 5 14 cm 0-14 green 16 032 12 BDL 7.12 19 2.9 3.04 BDL 2.0 0.55 4.0 0.78 9.3 0.098 0.228 10.5
1C-2 14-18cm 1/26/% 0 9973 5 14-18 l.green/ white 54 0.62 13 0.049 8.89 27 5.2 3.56 BDL 3.8 0.23 4.3 1.6 13 0.117 0.309 8.11
IC-2 18-32 cm 1/26/96 0.9976 5 18-32 med. red 27 4.0 15 0.108 10.0 260 5.0 7.64 0.35 4.6 0.21 30 1.3 20 0.230 0.188 21.22
IC-2 32-41cm 1/26/% 1.0031 5 32-40 white/v.I.red 14 BDL 63 BDL 2.75 7.0 2.1 1.69 BDL 2.8 0.99 2.4 BDL 3.8 0.048 0.119 3.29
IC-3 0-9.5cm 1/26/% 09964 5 9.5 cm 0-9.5 green 25 0.315 10 BDL 7.59 20 2.7 2.53 BDL 3.3 0.52 3.8 0.94 9.4 0.081 0.210 8.02
IC-3 9.5-21cm 1/26/% 1.0043 5 9.5-21 v. I.red 23 BDL 7.1 BDL 4.54 14 2.1 1.30 BDL 2.2 0.20 2.2 BDL 6.1 0.050 0.178 2.61
IC-3 21-32cm 1/26/% 1.0002 5 21-32 med.red 56 BDL 6.2 BDL 5.54 66 2.8 1.03 0.1 1.9 0.29 2.3 BDL 15 0.047 0.253 3.84
IC-3 32-42cm 1/26/% 1.0083 5 32 42 light red 30 BDL 6.0 BDL 4.72 27 2.6 1.62 BDL 2.7 0.32 1.8 BDL 7.2 0.042 0.171 3.40
I IA-1 0-10.5cm 2/6/% 0.9928 5 15.5 cm 0-10 dark green BDL BDL BDL BDL 4.22 10 BDL 1.30 BDL BDL BDL 3.0 BDL BDL BDL BDL 3.61
IIA-110.5-15.5cm 2/6/% 1.0030 5 10-15.5 green BDL BDL BDL BDL 2.91 9.2 BDL 0.880 BDL BDL BDL 2.9 BDL BDL BDL BDL 2.12
IIA-115.5-22cm 2/6/% 1.0004 5 15.5-20.5 I. green BDL BDL BDL BDL 3.11 6.3 BDL 0.612 BDL BDL BDL 2.4 BDL BDL BDL BDL 1.79
IIA-1 22-5-33cm 2/6/% 0.9999 5 20.542 white BDL BDL BDL BDL 2.98 5.5 BDL 0.616 BDL BDL BDL 2.5 BDL BDL BDL BDL 4.46
IIA-1 33-42cm 2/6/% 0.9983 5 BDL BDL BDL BDL 1.12 3.4 BDL 0.410 BDL BDL BDL 2.3 BDL BDL BDL BDL 2.17
IIA-2 0-10.5cm 2/6/% 0.9974 5 13.5 cm 0-13.5 green BDL BDL BDL BDL 4.75 17 BDL 1.82 BDL BDL BDI. 5.0 BDL BDL BDL BDL 4.12
IIA-211-13.5cm 2/6/% 0.9997 5 13.542 white BDL BDL BDL BDL 2.35 9.9 BDL 0.780 BDL BDL BDL 3.4 BDL BDL BDL BDL 2.54
IIA-213.5-21.5 cm 2/6/% 0.9988 5 BDL BDL BDL BDL 1.82 7.6 BDL 0.648 BDL BDL BDL 2.8 BDL BDL BDL BDL 1.98
IIA-2 22-32 cm 2/6/% 1.0092 5 BDL BDL BDL BDL 0.846 3.7 BDI. 0.365 BDL BDL BDL 2.1 BDL BDL BDL BDL 1.08
IIA-2 32-42cm 2/6/% 0.9929 5 BDL BDL BDL BDL 0.766 4.4 BDL 0.340 BDL BDL BDL 2.0 BDL BDL BDL BDL 0.%
I IA-3 0-8.5cm 1/26/% 1.0013 5 8.5 cm 0-8.5 green 103 0.27 11 BDL 6.59 23 4.1 1.44 BDL 1.6 BDL 4.7 0.69 20 0.094 0.367 5.61
IIA-3 8.5-13.5cm 1/26/96 1.0083 5 8.5-13.5 red 35 2.1 20 BDL 4.84 270 2.2 1.81 0.38 1.5 BDL 20 0.85 21 0.274 0.178 5.18
IIA-313.5-21.Scm 1/26/% 1.0005 5 13.541 while 37 BDL 8.0 BDL 1.16 13 1.7 0.432 BDL 1.6 BDL 4.2 BDL 6.6 0.069 0.158 1.31
IIA-3 21.5-29.5cm 1/26/% 1.0009 5 31- BDL 6.5 BDL 0.941 3.8 1.5 0.295 BDL 1.5 BDL 2.1 BDL 5.5 0.048 0.139 1.92
IIA-3 30-41cm 1/26/% 1.0043 5 24 BDL 6.7 BDL 1.33 3.7 1.3 0.325 BDL 1.4 BDL 2.4 BDL 5.6 0.050 0.146 1.52
IIB-1 0-8cm 1/26/96 0.99% 5 8cm 0-8 green 16 BDL 10 BDL 485 16 1.9 1.62 BDL 1.6 0.19 4.1 0.66 8.4 0.083 0.192 5.13
IIB-1 8-14cm 3/7/% 0.9%7 5 8-14 v.light red 17 0.75 9.4 BDL 4.01 27.59 1.68 1.27 BDL 1.37 BDL 4.92 1.62 8.3 0.098 0.253 7.49




IIB-1 26-3Scm 3/7/96 26-41 Ugh! led 16 1.41 10.14 BDL 4.10 3598 2.14 L19 BDL 156 BDL 517 L87 9.8 0.105 0.296 4.65
Dak SW/Sabe. Colon cm
Sample Nam Analvxed bmmdaiv beadtqbe Af 9 Si f l Ft Ml Wfl Mo Ni Ni £ f t Si f t T|
IIB-1 35-41cm 3/7/96 21 177 1178 BDL 2.98 31.15 230 117 BDL 23 BDL 432 134 94 0.117 0796 533
llB'2Q-7cm 2/6/96 7 cm 0-6 green BDL BDL BDL BDL 573 16 BDL 1.73 BDL BDL BDL 4.4 BDL BDL BDL BDL 4.79 i
I IB-2 712cm 2/6/96 6-8 light green BDL BDL BDL BDL 530 21 BDL 133 BDL BDL 038 45 BDL BDL BDL BDL 451 !
IIB-212-195cm 2/6/96 8-403 whit* BDL BDL BDL BDL 3.85 21 BDL 1.34 BDL BDL 136 3.7 BDL BDL BDL BDL 353
IIB-2 20-30cm 2/6/96 BDL BDL BDL BDL 2.13 16 BDL 0.923 BDL BDL 135 27 BDL BDL BDL BDL 279
IIB-2 30485cm 2/6/96 BDL BDL BDL BDL 0.922 3.1 BDL 0.334 BDL BDL BDL 14 BDL BDL BDL BDL 1.26
1IB-3 0-7cm 1/26/96 10.5 cm 0-7 green 22 079 10 BDL 3.96 14 2.7 1.49 BDL 3.4 BDL 4.3 0.53 9.8 0379 0.190 4.26
IIB-3 7-15cm 1/26/96 7-9 v.light ted 23 0.84 12 BDL 4.09 21 27 131 BDL 23 BDL 4.1 12 10 0.102 0.272 14.1
1 IB-315-25cm 1/26/96 9-41 white 16 BDL 73 BDL 1.44 . 73 15 0.382 BDL 2.1 BDL 2.9 BDL 6.0 0.058 0.170 230
IIB-3 25-llcm 1/26/96 27 BDL 93 BDL 1.18 6.4 13 0.423 BDL 2.0 BDL 22 BDL 73 0.062 0.191 177
IIC-10-llcm 1/26/96 15 cm 0-11 green 50 0.27 13 BDL 434 16 3.0 179 BDL 2.5 BDL 4.1 0.67 14 0.093 0.276 5.44 '
IIC-1 ll-20cm 1/26/96 1130 light rad 29 13 12 BDL 532 63 2.5 276 0.09 1.9 BDL 65 27 15 0.106 0375 4.47 '
IIC-120-30cm 1/26/96 30-42 white 53 0.90 14 BDL 1.69 97 2.6 130 0.13 2.0 BDL 10 0.61 14 0.141 0.250 3.60
IIC-13042cm 1/26/96 17 BDL 83 BDL 035 3.3 1.4 0.407 BDL 23 BDL 2 BDL 62 0.054 0.144 4.08
IIC-2 0-45cm 2/15/96 19 032 12 BDL 530 18 27 2.10 BDL 13 BDL 3.9 852 10 0.093 0.162 549
IIC-2 i5 U o a 2/15/96 28 074 12 BDL 474 15 27 131 BDL 24 BDL 23 0.46 10 0.088 8172 4.06
IIC-2 85-llcm 2/15/96 8.5 cm 0-85 green 20 BDL 11 BDL 3.55 11 1.7 L50 BDL 24 BDL 2.0 BDL 9.2 0.070 0.126 3.38
IIC-2 ll-21cm 2/15/96 8-5-40 white 20 BDL 9.9 BDL 2.46 7.7 1.5 0343 BDL 2.4 BDL 1.5 BDL 7.9 0.062 0.122 2.41
IIC-2 21-30cm 2/15/96 12 BDL 6.9 BDL 1.29 43 0.90 0390 BDL BDL BDL BDL BDL 4.8 BDL BDL 149
IIC-2 30-«0ca 3/7/96 16 BDL 63 BDL 1.01 3.1 1.1 037 BDL 1.4 BDL BDL BDL 54 0.14 0.090 134
1IC-3 0-8.5cm 2/15/96 8.5cm 0-85 cm green 111 0.42 13 BDL 812 25 57 3.07 BDL 15 BDL 55 0.99 27 0.115 0.362 939
I IC-3 85-10cm 2/15/96 8.5-10 cm white 14 BDL 73 BDL 2.62 8.9 1.2 0.980 BDL 13 BDL 3.4 BDL 63 BDL 038 2.45
IIC-31020 cm 2/15/96 10-20 cm med Jed 15 8.1 15 BDL 536 230 1.1 L41 034 1.0 BDL BDL 21 BDL 0.07 741
I IC-3 20-Mem 2/15/96 20-30 cm l.red 23 BDL 77 BDL 1.13 14 1.1 0388 BDL BDL BDL 3.6 BDL 63 0.150 0.08 1.58
IIC-3 30-34 cm 2/15/96 30-34 cm white 18 BDL 73 BDL 0325 21 17 0396 BDL BDL BDL 7.1 BDL 53 0.053 0.08 236
IIC-3 34-41cm 2/15/96 34-41 cm red 13 3.1 26 BDL 138 210 15 1.90 030 BDL BDL BDL 10 8410 0.06 143
inA-10-58 cm 1/26/96 8cm 0-55 green 27 BDL . 15 BDL 7.68 35 25 279 0.07 2.3 BDL 3.4 0.77 15 0.118 0.226 9.11
IDA-1154Jon 1/26/96 5.5-8 bright rad 27 2.1 18 BDL 516 330 13 1.06 050 2-0 BDL 6.3 13 3i 0709 0.173 12.2
IDA-18-14cm 1/26/96 8-42 while 33 BDL 11 BDL 0.983 33 13 0.209 BDL 2.3 BDL BDL BDL 97 0.071 0.132 239
IDA-114-23cm 1/26/96 22 BDL 10 BDL 0.948 33 1.4 0.196 BDL 25 BDL BDL BDL 8.5 0.066 0.118 2.38
IDA-1 25-42cm 1/26/96 23 BDL 11 BDL 0.687 3.1 14 0.207 BDL 2.0 BDL BDL BDL 8.6 0.068 0.121 2.13
IDA-2 095cm 2/15/96 9.5cm 0-95 green 15 BDL 10 BDL, 630 23 1.8 1.50 BDL 1.9 BDL BDL 9.1 0.087 0.138 5.49
IDA-295-145cm 2/15/96 9.5-145 bright red 13 0.59 97 BDL 338 190 13 0593 030 L7 BDL BDL 24 0.110 0.09 574
IflA-2145-32 cm 2/15/96 14.5-42 white 18 BDL 73 BDL 0.437 43 15 0.183 BDL 25 BDL BDL 50 BDL 0.06 0.963




Dale Mass Dilation SW/Subs. Colors on




boundary bead tube *1 Aft 9* Cn Fe M| Mn Mp Na Ni P P* Si Sr Ti Zn








11 cm 0-7 dork green 
7-11 light green
19 BDL 12 BDL 5.61 16 2.2 1.52 BDL 1.5 BDL 3.2 0.61 10 0.088 0.170 5.22
I11A-3 7.5-llcm 
111 A-3 ll-15cm 
111 A-315-21.5cm 
III A-3 22-31.5cm 
in A-3 313-42cm
20 BDL 12 BDL 4.10 11 1.8 0.865 BDL 2.7 3.60 2.1 BDL 9.5 0.075 0.142 4.73
11-15 red 12 0.72 7.8 BDL 4.77 60 0.86 0.401 0.09 1.0 BDL 0.55 8.7 0.084 0.07 4.26
1.0016 5 15-42 white 18 BDL 5.3 BDL 1.65 4.7 1.2 0.211 BDL 1.4 BDL 2.2 BDL 4.2 0.043 0.100 4.98
1.0074 5 21 BDL 8.2 BDL 1.13 1.9 1-3 „0.218 BDL 1.6 BDL BDL 6.3 0.054 0.109 3.04
2/15/96 1.0016 5 17 BDL 6.8 BDL 0.882 1.8 0.92 0.129 BDL 14 BDL BDL 5.6 0.046 0.08 1.47
1 IIB-1 0-9 cm 2/15/96 0.9%5 10 12.5 cm 0-9.5 green 15 BDL 11 BDL 5.74 20 2.0 1.66 BDL 1.4 BDL 3 BDL 9.8 0.086 0.127 6.82
inB-1 9-12cm 2/15/96 1.0021 5 9.5-11 red 28 3 2 31 BDL 9.72 240 3.0 4.05 0.35 2.4 BDL 30 1.2 21 0.616 0.258 7.21
IUB-112-20cm 
1 IIB-1 20.5-30.5 cm 
I1IB-1 31-41cm
2/15/96 0.9946 5 11-41 white 22 BDL 9.4 BDL 1.23 3.0 1.5 0.324 BDL 2.4 BDL BDL 0.25 7.5 0.070 0.108 1.10
2/15/% 1.0041 10 170 0.68 31 BDL 16.4 58 10 5.18 BDL 3.0 BDL 10 1.6 50 0.237 0.835 13.2
2/15/% 1.0004 10 13 BDL 7.3 BDL 2.64 7.6 1.4 0.547 BDL 0.95 BDL 2 BDL 6.4 0.084 0.119 1.%
IIIB-2 (Mem 1/26/% 0.9948 5 0 cm 0-8 bright red 55 27 24 BDL 14.1 700 2.5 0.860 1.1 3.0 0.32 20 0.42 66 0.310 0.188 18.8





1.0012 5 chopped off; 19 BDL 9.1 BDL 0.518 3.3 1.3 0.152 BDL 1.6 0.56 BDL BDL 6.5 0.050 0.103 0.940
all subsurface)
8.161.0077 9 cm 2.1 1.395 0-2.5 red 27 1.4 18 BDL 8.63 120 0.18 2.5 BDL 10 1.1 17 0.241 0.171
UIB-3 4-9cm 1/26/% 1.0013 5 2.5-41 white 24 BDL 11 BDL 3.02 7.0 1.7 0.382 BDL 2.4 BDL 1.5 0.56 9.0 0.090 0.167 4.26
II1B-3 9-21cm 1/26/% 0.9926 5 20 BDL 10 BDL 1.93 5.6 1.4 0.355 BDL 2.1 BDL 1.5 0.46 7.8 0.078 0.128 4.64
IIIB-3 21-30cm 1/26/% 0.9982 5 28 BDL 11 BDL 3.05 5.7 1.8 0.264 BDL 1.7 BDL 1.4 0.59 9.1 0.079 0.173 3.44
IiIB-3 30-41cm 1/26/% 1.0026 5 117 BDL 12 BDL 1.70 6.2 4.2 0.417 BDL 2.1 BDL 1.2 0.56 14 0.089 0.271 2.33
•
1.0014 5 9.5 cm 3J~ BDL 493IIIC-1 0-8cm 1/26/96 0-8 green w/ red 30 BDL 16 BDL 3.58 13 1.59 7.2 BDL 1.9
20
0.47 13 0.108 0.195
IUC-1 8-llcm 1/26/% 0.9977 5 streak on tube 25 1.9 20 BDL 4.60 200 2.1 2.47 0.31 3.0 BDL 0.81 21 0.273 0.165 10.1
IIIC-1 ll-28cm 1/26/% 1.0051 5 8-11 red 20 BDL 11 BDL 0.869 3.1 1.5 0.372 BDL 4.6 BDL 1.1 BDL 7.5 0.065 0.106 279
IllC-1 28-42cm 1/26/% 1.0056 5 11-42 white 17 BDL 10 BDL 0.727 2.2 1.5 0.470 BDL 6.5 BDL 0.8 BDL 6.7 0.063 0.104 1.84
111C-2 0-10 3/7/% 1.001b 10 30 cm 0-21 green 23 BDL 17 BDL 10.8 3.7 3.5 3.17 BDL 1.8 BDL 7.5 1.14 16 0.140 0.340 9.26
In c -210-21 cm 2/15/% 1.0026 5 21-32 bright red 23 0.84 18 BDL 15.6 71 3.2 2.52 0.10 1.5 BDL 9.5 1.4 18 0.160 0.349 10.9
IIIC-2 21-32 cm 2/15/% 1.0003 5 39-42 v.light red 21 BDL 14 BDL 13.5 220 1.6 0.824 0.34 1.3 BDL 4.7 BDL 31 0.122 0.145 12.2
;IlIC-2 32-39cm 2/15/% 0.9977 5 19 BDL 9.6 BDL 1.33 21 1.2 0.289 BDL 1.5 BDL 1.5 BDL 8.9 0.060 0.0% 2.29
II1C-2 39-42cm 2/15/% 0.8606 5 17 BDL 9.0 BDL 1.29 36 1.0 0.290 0.07 1.1 BDL 1.6 BDL 9.4 0.060 0.080 2.24
111C-3 0-11cm 1/26/% 1.0027 5 14 cm 0-11 green 31 0.24 17 BDL 5.92 23 2.6 1.55 BDL 2.4 BDL 3.1 0.55 14 0.119 0.234 5.57





1.0038 5 17-42 white 22 BDL 10 BDL 1.05 3.4 1.3
1.7
0.286 BDL 1.6 0.18 0.9 BDL 8.3 0.061 0.137 3.51
1.0021 5 30 BDL 11 BDL 0.636 2.6 0.239 BDL 2.1 0.13 BDL BDL 9.1 0.068 0.148 2,91
















HtH o - * 0- $ o - o - «P 0- *
i 1\ i1 i 1
-10- -10- r- -10- -10- -10-
11 ii II 1
-20- -20- -20- -20- -20-









T i  < o  —« « / V r i  V l O h * ®  O  O  O  C  QO  _  o o o p p  —1 N  rr, - t
d  — o  o  o' d  o'
cn -r o oc









« r 0 -  h
10-
-20-
m  - r  vo oc
I I ' I I—;rlrf|7 o
l o ­
r n
8 8 8 8 8  ——C4M









" iT T T
ug per g bead
B D U  No significant 

























ug p er g bead

















vOOO — (N -t
ug p er g bead
BDL or insignificant trend: 




























■t IT) « h
-10-
— i c n  m
3
30 1 I I I
ug p er  g bead
-20-
Zn




*o«o<rjo*T)<o <n r̂ —"r4—1
ug per g bead
B D U  Insignificant 
trends:

















' C O O O N
0 -
T  I T T
'o,o'no<o'oc4














ug /?£/* g bead
BDL! No significant trends: 






































i m  i i  i m<o— irj




M ^ T ' C O O











- r s m ' t  t ,















— — ( N f S r T
ug p er g head
BDLI No significant trend: 

















As Cd Cu Fe
0 - o - 0 - i
[ 1 1
1 0 - 1 0 - 1 0 - 1 0 -
* 4 11
2 0 - 2 0 - 2 0 - 2 0 -
11H I l 1I I1
3 0 - 3 0 - 3 0 - 3 0 -
[ 1 11
4 0 - 4 0 - 4 0 - 4 0 -





—  N r , - + T , g g  -; W”1 2  — °  >3
o  o' °  d






40 -{ II II





t  r  i l
IT; IT i XT', O(N K "■"*
BDL/ No siginificant trend  





















- 3 0 “






( N ^ t « W O
ug p er g bead
BDL/ No significant trend:
Al, Ca, C d, Mg, Mo, Na, Si, Ti
Appendix
Bead Column II A-1
Cu Fe Mn
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Bead column IIIA-1
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SITE I SITE SITE ALL 
II III SITES
SITE I
ON SURFACE WATER 
BEADS (ug/g bead) 
(Solid phase)
SITE II SITE ALL 
III SITES
Ca/Cu 352 392 337 358 1 . 2 2 . 2 2 1.8
Ca/Fe 293 288 313 296 0.46 0.65 0.7 0.58
Ca/Mg 4.6 4.6 4.6 4.6 2.5 4.1 5.81 4.3
Ca/Mn 61 55 54 58 2.7 6.4 8.13 6
Ca/Na 4.8 2 2 3.6 3 5.5 6.9 5.3
Ca/Zn 74 82 84 78 1 . 0 2 2 . 2 2 . 1 1.8
Fe/Cu 1.92 1.5 1 . 6 1.7 2.4 3.2 3.4 2.94
Fe/Mg 0 . 0 2 0 . 0 2 0 . 0 2 0.02 5.2 5.7 1 0 . 2 7.06
Fe/Mn 0.36 0 . 2 1 0.29 0.31 5.8 9.9 13.3 9.44
Fe/Na 0 . 0 1 0 . 0 1 0 . 0 1 0.01 6 . 2 8 . 2 8.7 7.4
Fe/Zn 0.43 0.29 0.41 0.39 2 . 2 3.5 3 .4 2.99
Cu/Mg 0 . 0 1 0 . 0 1 0 . 0 1 0.01 2 . 1 1 . 8 2.9 2.3
Mg/Mn 13 1 2 1 2 13 1 1.7 1.5 1.4
Zn/Mn 0.83 0.67 0.63 0.71 2.5 2.9 3 .8 2.99
Na/Cu 164 196 155 170 0.5 0.44 0.31 0.41
Na/Zn 37 41 39 39 0 .4 0.44 0.31 0.39
Cu/Zn 0 . 2 1 0 . 2 0 0 . 2 2 0.21 0.9 1 . 1 1 . 0 2 1.01
Zn/Mg 0.06 0.06 0.06 0.06 2.4 1 . 8 2 . 8 2.4
Cu/Mn 0.17 0.14 0.17 0.16 2.3 3.2 3 .9 3.1
Na/Mg 2 . 1 1 2.30 2 . 1 0 2.2 1 . 1 0 . 8 0 . 8 0.9
Mn/Na 0.19 0.04 0.04 0.12 1 . 1 1 . 0 0.96 1.01
This table was used to find the sequence of preferential precipitation in the surface water, 
which is found to be Fe>Cu>Zn>Mn>Na>Mg>Ca.
